ジコ シュウゴウセイ コウブンシ オ ユウキソウ ニ モチイル リッタイ トクイテキ HPLC ニ カンスル ケンキュウ by Mahnaz, Derakhshan & ラハシャン, デラハシャン
熊本大学学術リポジトリ
Kumamoto University Repository System
Title Study on Stereo specific HPLC using Self-assembled
Polymer as organic phase
Author(s)Mahnaz, Derakhshan
Citation
Issue date2007-09-25
Type Thesis or Dissertation
URL http://hdl.handle.net/2298/9144
Right
Study on Stereo specific HPLC using
Self-assembled Polymer as organic phase
Dissertation Submitted to the Graduate School of Science and
Technology of Kumamoto University for the Degree of
Doctor ofPhilosophy
Mahnaz Derakhshan
September, 2007
Department of Materials and Life Sciences
Graduate School of Science and Technology
Kumamoto University
Dedication
To my Husband
Dr. Hamid Reza Ansarian
for his guidance, support, love and enthusiasm. Without these things this could not have
been possible
To my newborn angel
NOOR
for her profusion of blessings to our life
To my Parents
who, as always, have supported me throughout all that I have done.
To my Sisters
for their unconditional love
To my in-laws
for their relentless supports
ACKNOWLEDGEMENTS
I would like to express my gratitude and appreciation to Professor Dr.
Hirotaka Ihara for his continuous guidance and support throughout the
course of this research.
I want to thanks Dr. Makoto Takafuji, associate professors of Department
of Material and Life Science for his scientific directions.
I am indebted to Dr. Hamid R. Ansarian for his prayers and support which
have also added a great deal to my ability to prepare this thesis.
An honors thesis is never simply the work of one person. Rather, it is the
result of the combined efforts of many people, supporting the author. It is
because of this fact that the author of this thesis would like to thank the
following people:
Dr. A. Shundo for his excellent comments.
Ms. A. Hashimoto for her thoughtful and responsible manner.
Ms. Y. Kira for her helps.
in
Contents:
Chapter 1- Introduction
1.1. Theory of Reversed-Phase Liquid Chromatography 1
1.2. Chemical and thermal stability of staionary phase for RPLC 4
1.3. Retention Models in RPLC 7
1.4. Development of HPLC stationary phases 10
1.5. HPLC stationary phases from highly-ordered structures 12
Chapter 2- Engineering of the novel stationary phase
2.1. Introduction 23
2.2. Process design 23
2.3. Molecular design 24
2.4. Materials and Experiments 28
2.4.1. Materials 28
2.4.2 Synthesizing process 29
2.4.3. Characterization process 33
2.4.4. Telomerization and Stabilization on silica surface 33
2.5. Summary 34
Chapter 3- Synthesis and characterization of L-glutamide-derived lipid, a
highly-ordered stationary phase
IV
3.1. Materials 36
3.1.1. Samples and Reagents 37
3.2. Preparation of L-glutamide-derived lipid 37
3.2.1. Tail Part Synthesis 37
3.2.1.1. N-benzyloxycarbonyl-L-glutamic acid (L-Glu Z) 37
3.2.1.2. N1 ,N5-didocecyl-N2-benzyloxycarbony1-L-glutamide
(2Ci2L-gln-Z) 39
3.2.1.3. Nl,N5-didocecyl-L-glutamide (2Ci2L-Glu) 40
3.2.1.4. N-benzyloxycarbonyl-B-Alanin (6-Ala-Z) 41
3.2.1.5. N',N5-didodecyl-N2-[3-(N-benzyloxycarbonyl)amino]propionyl
-L-glutamide (2Ci2-L-Glu-|3-Ala-Z) 43
3.2.1.6.2cl2-L-Glu-|3-Ala 44
3.2.2. Head and neck part synthesis 46
3.2.2.1. Ethyl 4-(4- formylphenoxy) butanoate 46
3.2.2.2. 4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, ethyl ester 46
3.2.2.3. 4-[4(2 nitro-1 -ethenyl)phenoxy] butyric acid 48
3.2.3. Bonding neck to the tail part 49
3.3. polymerization and grafting on silica particles 51
3.4. Characterization of L-glutamide-derived lipid and Sil-pLGN 52
3.4.1 Differential Scanning Calorimetry (DSC) 52
3.4.2 Transmission Electron Microscopy (TEM) 52
3.4.3 NMR spectroscopy 52
3.4.3.1. Suspension-state ]H-NMR 53
3.4.3.2. Solid-state 13C-CP/MAS NMR 54
3.4.4 Chromatography 55
3.4.4.1. Chromatographic parameters for assessment of
column performances 56
3.5. Summary 58
Chapter 4- Characterization of the Stationary Phase
4.1. Double alkyl lipophilic L-glutamide derivative (LGN) 71
4.1.1. general characterization 71
4.1.1.1. Sol -Gel Transition 71
4.1.1.2. Differential Scanning Calorimetry Methodology 72
4.1.1.3. UV-VIS spectroscopy for determining the aggregates type 72
4.1.1.4. SEM and TEM for determining the aggregates shape and size 77
4.1.2. Driving forces of molecular aggregation (NMR observation) 78
4.1.3. The role of p-nitrostyrene head part in the self-assembly 79
4.1.3.1. Introduction 79
4.1.3.2. Material and Method 81
4.1.3.3. Results 82
4.1.3.4. Conclusion 86
4.2. Characterization by variant temperature 1H-NMR 88
4.3. Stationary phases from highly-ordered L-glutamide derived lipid 90
4.4. Surface coverage and alkyl chain densities 91
4.5. Comparative Suspension-state JH NMR measurements of the
VI
stationary phases 92
4.5.1. Suspension-state !H-NMR 93
4.5.2. Referencing with Solution-state 1H-NMR 94
4.6. Evaluation of mobility of the grafted organic phase 94
4.6.1. Determination of Liquid Phase Percentage (LPP) 98
4.7. Summary 101
Chapter 5- Molecular Recognition with pLGN
5.1. HPLC system 103
5.2. Determination of retention mode of the new stationary phases 103
5.2.1. Retention behaviors of PAHs and alkylbenzenes on Sil-PLGN 103
5.2.2. Retention behaviors of geometrical isomers on Sil-pLGN 107
5.2.3. Recognition of Sil-PLGN towards molecular planarity 109
5.2.4. Retention behaviors of four-membered ring molecules on Sil-PLGN
(Molecular Slenderness/Linearity) 110
5.2.5 Shape parameter (L/B ) and retention behaviors of PAHs on Sil-PLGN 111
Chapter 6- Application
6.1. Double alkyl liphophilic L-glutamide derivative (LGN) 118
6.1.1. pharmacology and medicine 118
6.2. Stationary phases from highly-ordered L-glutamide derived lipid 120
6.2.1. Enhanced selectivity for chiral 120
6.2.2. enhanced selectivity for diastromers 121
vn
6.2.2.1. Comparison of diastereomer separation ability between
Sil-pLGN and ODS 124
6.2.2.2. Conclusion 124
6.3. Summary 125
vni
Abstract
Introduction.
Inspired by biological world, scientists are devising new strategies to design and fabricate
organic functional materials using non-covalent intermolecular forces. Interactions such as
hydrogen bonding or ji-jt stacking cause the self-assembly of complex supramolecular
architecture, which allows the synthesis of materials with nanoscale morphologies. Among
these structures are nanofibrilar assemblies, which possess chiral centers in their structures
one of the most significant but poorly investigated applications of these chiral
superstructures can be providing chiral surfaces for highly selective separation. For this
purpose it is logical to manipulate molecular structure to optimize their ability of forming
chiral structures.
Experimental
As an arguable strategy we designed a molecule, LGN, comprising not only a glutamate
derived lipid supposed to form ordered structure at the first step but also an additional
polymerizable part (a beta nitrostyrene derived head group) to stabilize it in the next step.
|3-nitrostyrene was selected not only for its tendency to be polymerized by direct UV
radiation in low temperature that is essential for saving the ordered structure but also for
probing it's polymerization after self-assembly.
Synthesis of LGN was done via three main steps. The double chain alkylated L-glutamide,
tail part, was synthesized according to our procedure previously described. The head part is
synthesized through a 3-step procedure, 4-hydroxybenzaldehyde with ethyl 4-
bromobutyrate pass through a keton formation reaction and then through a condensation
with nitromethane under ammonium acetate the nitrostyrene part of molecule formed. The
ix
resultant ethyl ester was hydrolyzed in acidic situation to yield the head part. LGN was
prepared through bonding the head and the tail parts. Each step of synthesis was
reconfirmed by elemental analysis, FT-IR and NMR spectroscopy. To introduce
telomerized LGN on silica surface, the mixture of LGN, agent S710, and AIBN in a molar
ratio of 10,2,2 respectively was exposed to UV irradiation (315-400 nm) until full
telomerization of lipid (confirmed by NMR spectroscopy).
The resultant telomere (pLGN) was coupled to Silica surface. Silica particles (YMC 120-
S5) were mixed with pLGN in a weight production of 3 to 10 and stirred at reflux
temperature in chloroform for 18 hours, then toluene was added and stirring was continued
in toluene for 6 days. The product was gathered after filtration and frequently washed with
hot chloroform and hot methanol. After 24 hours vacuum drying, the amount of carbon and
hydrogen was determined to be 18.6 and 3.1% based on elemental analysis. The process
was repeated with different wt proportion of silica and pLGN and in mass production (3-4
g) in which both the concentration of gel during polymer formation and the concentration
of pLGN during coupling was much higher than the first experiment. In that experiment the
obtained carbon percentage was equal to 7.3 and with a step up process it increased to 8.3%.
The low carbon percentage can be attributed to the theory that in high concentration
condition the telomers cannot penetrate to silica pores; also big telomeres (secondary to
high concentration during telomerization) cannot penetrate the silica easily.
To evaluate the column, its LPP (Liquid Phase Percentage) were measured which was
equal to 29.1, 34.5, 35.5 in 1 °C, 20 °C, and 50°C respectively. Trivial change in LPP with
temperature indicates presence of stable aggregates. Also a probability for a change in
behavior of column around 1°C in HPLC can be inferred.
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Results and discussion:
The retention mode as well as the extent of hydrophobic interaction between the elutes and
the packing materials was determined by retention studies of alkylbenzenes as elutes. The
relationship between log k and log P on Sil-pLGN and ODS plot shows a similar slope to
that in ODS and thus the mechanism of hydrophobicity is involved in separation behaviour
of Sil-pLGN. It can be due to the two acyl chain as the tail part of molecule. Also higher
retention factor for PAHs than for alkylbenzenes in Sil-pLGN indicates that it provides
specific interaction sites (such as je-jc interaction sites) for PAHs. Examining the elutes
with different planarity shows higher selectivity of Sil-pLGN than ODS.
In examining the molecules with different length there is only a trivial difference between
the selectivity of Sil-pLGN and ODS for 4-rings polycyclic aromatic hydrocarbons.
However for the serie of "Benzene, Naphthalene, Anthracene, Naphthacene and
Penthacene a big difference can be seen between the selectivity of two stationary phase for
Naphtacene. (17.86 in Sil-pLGN, 2.22 in ODS). This finding proposes the role of other
mechanism rather than shape or length selectivity for Sil-pLGN. Also Sil-pLGN showed a
good ability in separation of chiral and diastromers The use of Sil-pLGN enables us to
separate the 2-(2,3-anthracenedicarboximide) cyclohexane-derived. It shows selectivity for
separation of hexahelicene and (lS,2S)-diaminocyclohexane.
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Chapter 1
Introduction
1.1. Theory ofReversed-Phase Liquid Chromatography
Reversed-phase liquid chromatography is the most widely used analytical
technique for the separation of complex mixtures. The separation is achieved by analytes
having different interactions with the stationary phase. However, the complete
mechanism is still subject to debate.
In reversed-phase liquid chromatography, solutes are separated using their
hydrophobicity. A more hydrophobic solute will be retained on the column longer than a
less hydrophobic one. Also, polar solutes will interact with the silica surface to cause
peak tailing.
The mobile phase is one of the two components involved in the separation process.
Water is generally one of the components of a binary mixture in RPLC. Water is
considered to be the weak component of the mobile phase and does not interact with the
hydrophobic stationary phase chains. The most popular organic modifiers used in RPLC
are methanol and acetonitrile. [1] The organic modifier is the strong solvent in the mobile
phase. All of the following studies use methanol as the organic modifier. The higher the
concentration of organic modifier, the less retention an analyte will have. Hsieh and
Dorsey demonstrated numerous examples of the effect of methanol composition (Hsieh,
1993). The column had a bonding density of 3.41 mol/m2. Figure 1.1. shows =
napthalene, = ethylbenzene, p = toluene, and J = benzene as the solutes used in this
study. As the mobile phase increases in strength (more organic modifier), the solute is
swept off the column faster, so capacity factor decreases.
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Figure 1.1. Effect of methanol composition vs. Capacity factor.
The capacity factor, k1, is defined as the retention of a solute, tr, minus the dead
time, to, divided by the dead time: —t\\lo)\
I h !
The dead time is the time it takes for an unretained solute like thiourea, uracil, or
D20 to pass through the system. One downfall of increasing k' is that the higher the k',
the longer the chromatographic run, which may not be beneficial due to time or money
constraints.
The stationary phase is the other component in the separation process. The
adsorbent is the support for a derivatizing agent to be bonded to the surface. The
adsorbent must be rigid and impermeable to the analytes to be studied, so only the surface
may interact with the analyte.
An equilibrium is established between the mobile and stationary phases in the
system. The most important characteristics for good chromatographic performance of an
adsorbent are particle size, particle porosity, and surface area.
Particles can either be spherical or nonspherical. Spherical particles are reported
by their diameter, while nonspherical particles are reported by the diameter of an
equivalent sphere. The particle size should be between 3-10 m with a very small
distribution. It is impossible to have, for example, particles that are only 5 m, so the
smaller the range the better. Preferably, for 5 m particles, the range will be 4 - 6 m
with a Gaussian shape distribution. With a smaller particle size distribution, the packing
of a column will be greatly enhanced.
The number of theoretical plates a column has is described as the efficiency of the
column. The number of theoretical plates is calculated by the Foley-Dorsey equation
(Foley, 1983):
41.7
N =
1.25 + B/A
In this equation, tr is the retention time of a solute, Wo.i is the peak width at 10%
peak height, and B/A is the peak asymmetry measure at 10% peak height. The B/A must
always be > 1. The height equivalent to a theoretical plate is simply the length of the
column divided by the number of theoretical plates.
Chromatographic retention is a process of transfer of solutes from mobile phase into
or onto stationary phase. This process involves partitioning, adsorption or both. Solutes
are approximately embedded within the stationary phase in the partition process. On the
other hand, solutes are in surface contact with the stationary phase which are not fully
embedded in the adsorption process. Solutes are, however, initially surrounded by the
mobile phase molecules in both instances. After exchange of transfer, they are fully or
partially surrounded by the neighboring molecules of stationary phase.
Retention prediction and selectivity optimization are very important in RPLC [2].
However, retention in RPLC is a very complicated process [3-7] and depends on many
physical and chemical properties of the system such as temperature [8-10], solute
molecular properties [11], stationary phase characteristics [12], and mobile phase
composition [11, 13, 14].
Many early studies of RPLC suggested that the mobile phase plays the dominant
role in establishing retention and selectivity [15-19]: However, more recent studies have
recognized the active role of the stationary phase [20-22]. Some studies indicate that the
net interaction (the sum of disfavorable cavity formation and attractive intermolecular
forces) in the stationary phase outweighs the net interaction in the mobile phase [23,24].
1.2. Chemical and thermal stability ofstaionaty phasefor RPLC
Until now and for good reasons, silica-based RP columns are and will be used to
solve many separation problems. The great variety in selectivity of the available silica-
based RP columns, their high efficiency and reproducibility are yet unsurpassed.
Furthermore, for many separation problems in practice, specific silica RP phases offer
sufficient chemical and also thermal stability over a wide range of experimental
conditions.
In principle, the chemical and thermal stability of RP columns can be enhanced
by:
1. The improvement and development of substrates and bonding chemistry.
2. The adjustment and optimization of the mobile phase composition and other
experimental conditions.
Silica is the most popular substrate to manufacture RP stationary phases. Silica
has a high mechanical strength that enables its use under the high-pressure conditions
encountered in HPLC. Furthermore, this substrate does not swell or shrink when exposed
to organic solvents. Finally, its production and bonding chemistry is well understood and
can be performed in many different morphologies and also is very reproducible [1], [25-
32]. For these reasons, silica seems the perfect starting material for the manufacturing of
(bonded) phases for HPLC. During the last decades, many workers have suggested
several different approaches for the synthesis of silica-based RP stationary phases and
also to improve their chemical and thermal stability. Polymer-coated [33, 42],
horizontally polymerized [43, 44], bidentate [45, 46], hybrid organic-inorganic [47] and
also polar embedded [48] stationary phases are typical examples in the research for new
generations of RP phases of improved selectivity and chemical and thermal stability.
However, depending on the physico-chemical properties of the stationary phase,
the eluent composition and other experimental parameters silica and silica-based RP
stationary phases are vulnerable to deterioration effects. This in turn may result in early
column failure. Deterioration of chemically modified silica-based RP phases can be
distinguished in two major different processes. Silica already dissolves slightly in the pH
range 2-7. The saturation concentration is about 100 ppm, which value is somewhat
dependent on the pH [49]. Above approximately pH 7, however, silica dissolution is
substantially accelerated. This in turn causes the impairment of the silica backbone of an
RP stationary phase. This process generally results in reduced plate numbers and finally
in column clogging [50]. At acidic pH values of the eluent, another process is mainly
responsible for the deterioration of RPLC stationary phases. The organic ligands of most
of the presently manufactured RP phases are covalently bonded to the silica surface by
mono- or polyfunctional Si-O-Si siloxane bond(s) [1], [25], [30], [51, 52]. Kirkland et al.
provided evidence that in acidic eluents hydrolysis of the covalently bonded Si-O-Si
organic ligands is the main responsible mechanism of stationary phase degradation [50].
During the last 10-15 years, a number of reports with focus on the chemical
stability of conventional as well as new types of silica-based RP phases have appeared.
The conclusions of these studies, however, are not always in agreement with each other.
Partly, this can be ascribed to the different conditions like, for example, the nature of the
organic modifier, the actual eluent pH and the temperature, under which several groups
investigated their RP phases under study. In addition, a major difference between these
investigations is also related to how RP columns were subjected to aggressive alkaline or
acidic eluents. Generally, workers investigate the chemical stability of RP phases by
putting them into contact with aggressive eluents. During that process changes in
chromatographic parameters like, for example, plate number, retention factor, and peak
asymmetry of specific test components are monitored [48,50]. In addition to that in some
studies on purging columns under alkaline eluent conditions, the amount of SiO2 in a
column effluent was continuously measured. In these studies, columns were purged with
freshly prepared eluents, and were not recycled [46, 50]. The SiO2 amount in the column
effluents could simply be determined by a silica molybdate complex colorimetric method.
The amount of silica in the eluent was then taken as a measure of column deterioration
[50].
At present, in high-performance liquid chromatography (HPLC) for the majority
of analyses, reversed-phase liquid chromatography (RPLC) is the separation mode of
choice. Faster method development procedures using aggressive eluents under elevated
temperature conditions, the need for improved selectivities, efficiencies and resolution,
the reduction of solvent consumption and also the decrease of analysis times require
reversed-phase (RP) columns of high chemical and thermal stability. Until now, the
majority of columns for RPLC separations are manufactured from silica substrates. Silica
has many favorable properties making this material nearly ideal as a support for RP
columns. However, its solubility, that increases considerably in eluents of pH about 7y is*
a drawback preventing its widespread use over the entire pH range. In addition, for the
same reasons, many efforts have also been made to synthesize polymer and also polymer-
coated phases. These latter phases show a high degree of chemical and thermal stability
compared to silica counterparts.
1.3. Retention Models in RPLC
One of the first attempts to model retention in reversed phase chromatography
was by Horvath and Melander [53] who interpreted the solvophobic theory of Sinano lu
[54-57]. This model described the retention process by a compilation of energy changes.
It stated that retention was controlled by a solute's hydrophobic volume (the size of the
cavity in the mobile phase needed to surround the molecule), the volume of the mobile
and stationary phases, the dielectric constant and surface tension of the mobile phase, and
the differences in partial electrostatic charges. The combination of these parameters
yielded a model that argued the retention process was largely controlled by the energy
liberated from the re-ordering of solvent molecules after the expulsion of the non-polar
solute. However, this theory neglects any influence of the stationary phase to retention,
such as chain length or surface density of the bonded phase. This model has rarely been
used as a fitting function for chromatographic retention vs. mobile phase composition for
the determination of log k'w, but it is important to mention since there have been many
retention models based on this work.
To explain the solvophobic effect in liquid-chromatography (LC), Horvath et al.
and co-workers concluded that the magnitude of solute retention is determined by the
energy balance of solute-stationary, eluent-stationary and solute-eluent interactions [53].
They, however, pointed out eluent-stationary and solute-eluent interactions as the
dominating factors, and solvation of solutes solely accounts for the relative retention.
They also characterized the solvophobic strength by four properties. Among those the
surface tension of eluents plays the principal role in the reversed-phase chromatography.
Carr et al. described the solvophobic driving force in terms of free energy of
transfer based on alkylbenzenes as test solutes [58]. They concluded in contrast to the
conventional solvophobic models of RPLC that the net free energy of interaction of
methylene group with the stationary phase, i.e., in the non-polar media, is larger than the
net free energy of interaction of methylene group with the mobile phase. The free energy
of transfer of a methylene group from methanol-water mobile phase to bulk hexadecane
is sufficiently similar to that for transfer to the bonded phase. The grafted chains,
however, do not have all the possible conformations due to the boundary condition
imposed by the interface and lateral interactions among neighboring chains [58-61].
These constraints cause the grafted chains to be more ordered than the bulk liquid phase.
For surface densities at which the neighboring interactions become important,
Dorsey and Dill described a "disorder gradient", wherein the chain segments nearest to
the surface are the most highly ordered (i.e., aligned normal to the surface), with rapidly
increasing disorder towards the chain ends [59]. The ordering of chain increases with
increasing surface density. Bilayer membranes with similar interfacial constraints widely
showed these kinds of equilibrium gradients [62]. Motional gradients have also been
observed in RPLC [63-65].
From the experiment of Sentell and Dorsey, it has been confirmed that the
variation in the surface density of the grafted chains causes a change in retention from a
minimum to a maximum value [66]. These results, however, conflict the predictions of
solvophobic theory. According to this theory, retention of solutes should not depend upon
the nature of stationary phases. A second conclusion drawn from the data of Sentell and
Dorsey is that partitioning, rather than adsorption, is the dominating mechanism for
retention.
The hydrophobic solubility does not account for the enhanced shape selectivity
with decreasing temperature for polycyclic aromatic hydrocarbons (PAHs) on ODS
columns [67, 68]. The non-linearity in Van't Hoff plots is postulated due to the change in
retention interactions with temperature [68-71]. With decreasing temperature, the
mobility of the bonded chain decreases, and the molecules are elongated, rigid and have
fewer bends and kinks conformations [71]. The access of solute and solvent molecules is
restricted as the mobility of the chains decreases. A polarity gradient exists between the
chains. Solute molecules intercalate themselves between chains in the region where they
find the most favorable interactions [72, 73]. Schunk and Bruke concluded that low
polarity and non-polar solutes whose interactions are primarily through Van der Waals
and dipole-induced dipole forces are on average retained in the central region of the
stationary phase where a minimum polarity exists and the most favorable non-polar
solvation interactions occur [74].
1.4. Development ofHPLC stationary phases
The evolution of liquid chromatography as a modern analytical technique is due
in part to advances made in column technology. Chemical modification of silica packing
materials remains a popular approach for achieving novel solute selectivity in high
performance liquid chromatography (HPLC) [75-79]. Most progress in reversed phase
high-performance liquid chromatographic (RP-HPLC) separation has been achieved due
to the introduction of numerous silica-based stationary phase materials. Chemical
modification of silica packing materials remains a popular approach to achieve novel
solute selectivity in high-performance liquid chromatography. The creation of new
stationary phases has always been one of the primary lines of research in
chromatographic science, in particular in HPLC. Nevertheless, as the result of years of
development, only a limited number of stationary phases remained on the market.
Reversed phase high performance liquid chromatography is a powerful analytical
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technique for the separation of complex mixture. It is widely applied in chemical research
for the separation and isolation of chemical compounds because of its good separation
power and wide applicability [80-82]. In spite of these extensive applications in various
scientific fields, such as agricultural, pharmaceutical, and medical sciences, as well as
fundamental studies in separation science, the separation mechanism operative in the
chromatographic process has still not been unequivocally established. This is because
there are very many parameters controlling molecular recognition in the chromatographic
process. Most LC applications in reversed-phase (RP) conditions have been carried out
with octadecylsilica phases (ODSs), the selectivity and the ordering differences between
polymeric and monomeric ODS phases have already been reported [83-86]. However, a
systematic theory describing the molecular interaction between solutes and bonded phase
ligands has not been firmly established because of difficulties encountered in the surface
characterization of these ODS stationary phases. In the past 15 years, however, various
newly synthesized bonded phases have been introduced as stationary-phases, thanks to > •
recent developments in synthetic and bonding chemistries [87-90]. Because these new
stationary phases could be synthesized according to the design of the bonded phase
ligands, the systematic characterization of stationary phases has become increasingly
important for the development of more powerful stationary phases with desirable
separation performance for particular applications. However, there is still no universal
stationary phase material suited to the specific properties of all possible solutes.
Alkylamide phases show interesting chromatographic properties [91-93] which are
ascribed to the participation in the separation process of different interaction sites, e.g.
residual, unreacted silanols and unreacted amine groups as well as hydrophobic chains
with amide groups. In addition, the affinity of these phases to solute molecules differs
significantly from that observed for conventional alkyl phases. These advantages have
special importance under hydro-organic conditions in binary or ternary mobile phases.
Therefore, intermolecular interactions determining elution of solutes of different
character on alkylamide phases are interesting from both practical and theoretical points
of view.
1.5. HPLC stationary phasesfrom highly-ordered structures
In biological membranes, lipid bilayers play key roles in the selective permeation
and transition of substrates and molecules. These functions of biological membranes
would be powerful tools for analytical chemistry and separation engineering because the
membranes are based on highly oriented structures. Continuing the effort of new
stationary phase development by our group we have reported about dioctadecyl L-
glutamide derived lipid membrane analogue grafted silica-for RP-HPLC stationary phase-.
Self-assembled systems such as lipid membrane aggregates can provide a highly-ordered
microenvironment leading to unique host-guest chemistry exceeding the functions of the
original lipid. Earlier we have reported about the use of polyoctadecylacrylate-grafted
silica (Sil-ODAn); (as shown in Figure 1.2.) a lipid membrane analogue as stationary
phase for RP-HPLC [94-96]. Sil-ODAn showed unique separation behaviors with
ordered-to-disordered phase transitions of long alkyl chains (as shown in Figure 1. 2.).
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HfCH- CH2-VS(CH2)3Si -O
Sil-ODAn
Figure 1.2. Polyoctadecylacrylate (ODAn) grafted silica: lipid membrane analogue
In particular, extremely high selectivity towards polycyclic aromatic hydrocarbons
(PAHs) was observed in the ordered (crystalline) state [97-100] and the combination of
chromophoric diasteriomeric reagents yielded better selectivity for enantiomers than
conventional ODS phases [89-91]. In general, better separation of PAH isomers can
usually be achieved with stationary phases prepared by polymeric surface modification
chemistries (compared with monomeric surface modification) [101]. A number of
synthetic polymers, such as poly (styrene) [102], poly(acrylonitrile) [103],
poly(methylacrylate) [104], poly(vinylpyridine) [105], and poly (L-alanine) [106], were
used to develop the polymer silica hybrid materials as stationary phase of HPLC. We
have reported that, self-assembling systems, such as lipid aggregates, can provide a
highly-ordered microenvironment leading to host-guest chemistry exceeding the
functions of the original lipids. Particularly, we have had a great interest in lipophilic L-
glutamide derivatives as gel-forming materials in the past decade [107-109]. The L-
glutamide moiety as a chiral source, double long-chain alkyl groups as lipophilic parts,
and a head group as a functional part can characterize these compounds. The unique
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properties are emphasized by the facts that the gel formation is observed at a low
concentration and this is brought through the network formation with microfibrous
aggregates based on highly-oriented structure in organic media such as benzene, toluene,
ethanol, cyclohexane. In most of these cases, the gelator forms nanofibrous aggregates
based on highly-ordered structures with inter-molecular interactions such as hydrogen
bonding, van der Waals forces and jt-n interactions. These fibrous aggregates form a
three-dimensional network by entwining with themselves and gelation is brought by
encapsulation of solvent molecules into the network. Formation of organic gels can be
visually observed and micro fibrous aggregates can be detected by using transmission
electron microscopies (TEM). Earlier we have reported about polyoctadecylacrylate
grafted silica (Sil-ODAn) as stationary phase for RP-HPLC. Our detailed investigation
about the retention of PAHs on Sil-ODAn phases showed that the aligned carbonyl
groups are effective for the recognition of molecular length and planarity through
multiple jt-ji interactions [110-112]. Other Lipid membrane" analogues (e.g., double-
alkylated L-glutamide-derived stationary phases) attached to the silica surface have been
found with extremely enhanced molecular shape selectivity compared with the common
reverse phases that can be explained by a carbonyl k (present in lipid-grafted stationary
phases)-
benzene n (present in guest PAHs) interaction mechanism. These interactions are shown
to be more effective for ordered carbonyl groups and solid states and can form
supramolecular assemblies with specific properties based on their highly ordered
structures in aqueous and organic media [113].
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Chapter 2
Engineering of the novel stationary phase
2.1. Introduction
Lipid base membranes have attracted considerable attention due to their
potential application. We have reported that, self-assembling systems, such as lipid
aggregates, can provide a highly-ordered microenvironment leading to host-guest
chemistry exceeding the functions of the original lipids. Particularly, we have had a
great interest in lipophilic L-glutamide derivatives as gel-forming materials in the past
decade. [1-3] As an interesting class of organogelators, alkylated-glutamic acid
derived connected to especial head group have provided a new approach to design and
engineering of new organogelators through head selection. [4-6] different kind of
polymerizable head groups are known. Also the importance of spacer length is of no
doubt.
Besides the organogelator structure, the process of its synthesis,
polymerisation and immobilization is of noticeable importance. In this chapter off-line
molecular and process design is described.
2.2. Process design
There are known biomembrane-like ordered super-structures [7] for lipophilic
molecules which can be seen in different phases [8,9]. The vision of this thesis work
is to make a novel usage of this highly ordered aggregate through telomerization and
stabilization onto silica surface using an anchor.
The main designed process for this mater is composed of three steps, "make
aggregation", "telomerization" and "immobilization on silica surfaces". Although
performing all of these three step is byond this thesis work, because of the importance
of this off-line process design and the relationship of all parts of process , they are
described wholly.
In a simple description through these process an organogellator is dissolved in proper
organic solvents to make an organogel. The resultant superstructure undergo
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telomerization to be more stable. With special technique selected anchors take part in
this telomerization process and become packed between molecules in superstructure.
Each step of this process has its noticeable pitfalls . The organogelator should be
special molecule that not only has gelation ability but also can be polymerised on
ordered orientation. Its property is described in next seccion , molecular design.
About telomerization of the resultant superstructure we desire that telomerization don't
break the network of superstructure. However its reported that process like
polymerisation and telomerization change the properties of ordered structures. So
selecting a proper polymerizable group is noticeable. Also polymerizable group
can be incorporated into network-forming lipophils any where along the lipid head or
tail and the properties of these two kind polymerised molecules are different. In other
words selecting a proper polymerisation group and proper design for its position in a
molecule is quite important. Also the polmerization process should be monitored. If
there is a special polymerizable group with known UV absorption, monitoring the
polymerisation process with UV-VIS spectroscopy will be convenient. During the
polymerisation process using an anchor which can incorporate into molecular
superstructures the site for immobilization on silica surface will be prepared. Selecting
this anchor will be based on the properties of the resultant organogel. And
immobilization on silica surface is the last step in which our laboratory has perfect
experiences. Direct immobilization of lipid onto silica gel was reported by pidgeon and
venkataram. This was obtained by amidation of aminated silica gel with a dimyristoyl
phosphatydilcholine derivative containing a terminal carboxylic group. Such chemically
bonded lipids are stble but it may be impossible to reproduce molecular orientation and
lateral diffusion of lipid on carrier particles. A new method which is developed by Ihara
et al. Is using 3-mercaptopropyltrimethoxy silane (MPS) or any other special
trimethoxysilane-containing molecules [10]. These mean that telomerization of
themixture of the lipophilic molecule with an anchor, with reactive terminal group,
assure easy immobilization on silica surface. As mentioned former selecting a proper
anchor should be based on the properties of the synthesized lipophil and the organogel
made by it.
2.3. Molecular design
As described former the proper molecule for this work should have a head and a tail
which are connected to each other by a spacer.
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peptide -based derivatives not only have amide bonds that work as a strong driving
force for molecular aggregation but also have a plural number of hydrogen bonds
moieties.
In our previous works it is showed that double chain alkylated L-glutamic acid which
possess three amide bonds around the L-glutamic moiety, works as a good
organogelator. TEM and SEM observation of that lipophil showed a three dimentional
networkwith fibrillar aggregates in organogel and xerogel with a minimum diametr of
about 20 nra [11]. Its shown that if two of the three amide bonds are replaced by the
ester bonds , no gelation is observed even when their concentration is 10 times higher
than the former. MOPAC calculation indicated that the three amide bonds around the
L-glutamic acid moiety provided a proper conformation for intermolecular interaction.
[11,12]
Typical examples of organogelators derived from L-glutamide acid has been reported
[10, 12, 13, 14, 15, 16, 17, 18].
3. *■**
Figure 2.1. The chemical structures of L-glutamic acid derived lipids [12].
As it is shown in their structures these organogelators are composed of L-glutamide
moiety as a chiral source , double long-chain alkyl groups as lipophilic parts and a
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head group (X) as functional group.
Three dimentional structure of polymers make them difficult to accommodae in
two-dimentional membrane like structures. This inherent organization problem was
alleviated by the inclusion of flexible spacer groups to decouple the motion of the lipid
alkyl chains from the motion of the polymer chain. The spacer concept has been used
successfully in the synthesis of liquid crystalline polymers [19]. The incorporation of
spacer groups into the side chain of the poly (lipid) made it possible to form
well-ordered stable structures.
p-alanin drived spacer were chosen whilst we were aware of significance of spacer
length.
Polymerizable groups have been incorporated into superstructure-forming molecules
by chemical synesis. The polymerizable moiety can be positioned anywhere along the
lipid tails or linked (covalently or electrostatically) to the head group. Polymerisation
of lipid tails usually leads to abolition of the bilayer Tm, whereas polymerisation in the
head group does not. Covalent linkage of the lipid tails inhibit the formation of the
gauche rotamers.
.A
Figure 2.2. Examples of polymerizable groups which have been incorporated into
polymerizable superstructure-forming molecules
A variety of polymerizable groups has been successfully employed including styryl,
diacethylenyl, dienoyl, sorbyl, methacryloyl, acryolyl, and lipoyl. All but thediacetyl
group, can be polymerised in the more fluid liquid-crystalin phase. Many studies
showed that photo polymerisation is especially effective for diacetylenyl, styryl,
dienoyl, and sorbyl containing molecules, whereas thermally sensitive adical initiators
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are frequently used for the styryl, dienoyl, sorbyl, acryloyl, and methacryloyl
compounds. Redox inititor may also be employed for these monomers [20].
A study using glutamate - based amphiphils emphasized the effect of molecular
packing on the polymerisation. When the head group contained phenyl group they
observed The most efficient packing and polymerisation [21].
In a study of using styryl group as a polymerizable group in anphiphils the auther
demonstrated that the polymerised aggregates exhibit enhanced colloidal stability.
[22,23] A comperehensive study of the photopolymerization of superstructure
composed of the styryl monomers showed that the polymerisation process was
faster in the organized media than when the monomers were in isotropic solution.
[24]
Moreover the rate of photopolymerization was independent of the vesicle
concentration thereby conclusively demonestrating that the polymer chain growth
was limited to individual vesicle., styryl lipid monomer can be polymerised with a
photoini tiator with exposure to uv light.
Also styryl group can be used as a perfect probe for monitoring the ptelomerization
process. In studies on b-nitrostyene, disappearance of the absorption in UV-VIS
spectroscopy with polymerisation was found. [25] In other word The benzene unit is
a versatile spectroscopic probe for assessing the bilayer organization [26].
O
0 —(CH2)3—CNH —(CH2 )2—CNH—CH —CNH— (CH2 )U— CH3
II H |
O O CH2
CH2— CNH (CH2 Vh CH3
Head group
Amide bondings II
0
Double chain aikylated L-glutamide moiety
Figure 2.3. Designed organogelator with special moieties
Briefly the lipophil molecule is designed based on following facts:
In head group
1. Phenyl group: reassures stable and efficient packing even after polymerization
2. Nitrostyrene moiety shows high yield of polymerization via UV irradiation in
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ordered structures
3. The polymerizable group can be polymerized below Tc [27]
4. Polymerization process in aggregates is faster than monomers in isotropic solution
[28]
5. Polymer chain growth is limited to individual superstructures [29]
6. The benzene ring is a versatile spectroscopic probe for assessing the superstructure
organization. [30]
In tail part
1. Double chain alkylated L-glutamide moiety is a key unit to create highly-oriented
nanofibrillar aggregates [11, 12, 31 ]
2. Amide bondings are in Favorable position for intermolecular interactions which
promote the formation of highly-oriented structures [131
2.4. Materials and Experiments
2.4.1. Materials
Based on designed pathway the chemicals can be cathegorized under titels
commertially available and comertially not-avaiable machemicals.
the main material which are commercially available for this work are:
L-glutamic acid, z-chloride, dodecylamine, palladium carbon, beta-alanin,
ethyl-4-bromobutyrate, 4-hydroxybenzaldehyde, nitromethane. They purchased from
Sigma-Alderich, Nakalai Tesque and Wako.
The material which are not commercially available and should be synthesized are
N-benzyloxycarbonyl-L-glutamic acid (L-GluZ),
Nl,N5-didocecyl-N2-benzyloxycarbonyl -L-glutamide (2Ci2L-gln-Z),
Nl,N5-didocecyl-L-glutamide (2Ci2L-Glu), N-benzyloxycarbonyl-fi-Alanin (B-Ala-Z),
N1,N5-didocecyl-N2-[3-(N-benzyloxycarbonyl)amino]propionyl-L-glutamide
(2Ci2-L-Glu- P-Ala-Z),
N1,N5-didocecyl-N2-(3-amino)propionyl-L-glutamide (2Ci2-L-Glu-P-Ala),
Ethyl 4-(4- formylphenoxy) butanoate,
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, ethyl ester,
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid.
The first 6 process are known synthesis pathway in our laboratory. Many reports are
published for their synthesis [12], but the last 3 one are quit new material which their
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synthesis process is described under next item.
2.4.2 synthesizing process
The synthesis process is composed of synthesis the head part (connected to spacer),
synthesis the tail part, and connection this two part. (Figure 2.4)
L-Glu Z-chloride
L-GLu-Z
Dodecylamine
2C12-L-Gln-Z
Palladium C
Z-chloride
p-AJa
2CI2-L-Glu
Palladium C
P-Ala-Z
2C12-L-Gln-^-Ala-Z
2C12-L-Gln-P-Ala
4-4(2 nitro-l-ethenyl)phenoxy) butyric acid
4-4(2 nitro-l-ethenyl)pheDOxy) butyric acid, ethyl ester
Nitromethane
Ethyl 4-(4-rormylphenoxy) butanoale
4-Hydroxy benzaldehyde
Ethyl-4-bromobutyrate
Figure 2.4. Designed synthesis pathway for organogelator
The tail part is derived from L-glutamic acid, which has 3 site for substitution. Our
desired functional group in first step are the two carbonyl groups for connecting to
alkyl chains. To prevent side reactions the nucleopilic amino group of glutamic acid
must be protected to make it non nucleophilic.the amino group is converted to an
amide by treatment with an appropriate acylating agent. Acylation of the aminogroup
is often done to protect it from unwanted nucleophilic reactions. A wide variety of acid
chlorides and acid anhydride are used for acylation of the amino group.
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Benzyl chloroformate acylate the ami no group to give a benzyl-oxycarbonyl derivative
useful in peptide synthesis. The amino group of the N-benzyloxy carbonyl derivatives
is protected as the amide half of a carbamate ester (a urethane) which is more easily
hydrolysed than most amides. In addition the ester half of this urethane is a benzyl
ester that can undergo hydrolysis.
After bonding the alkyl chains via amide bonds the N-terminus of the molecule should
be de-protected. The N terminal amide bond must be cleaved without breaking any
of the peptide bonds in the product. Fortunately the benzyloxy carbonyl group is partly
an amide and partly a benzyl ester and catalytic hydrogenolysis of the
N-benzyloxycarbonyl amino acid gives an unstable carbamic acid that quickly
decarboxylate to give the deprotected N-terminus.hydrogenolysis of the benzyl ester.
o o o o
\\ II II IIR1—C—OH + C2H5O—p— C= N ► R1—C—C=N + C2H5O—p—OH
OC2H5 OC2H5
O O
II NR2 NH2 + R1—C—C=N R2 NH C—R1+ H —C=N
H
| C=N"
C2H5 N C2H5 + H—C = N * C2H5 N C2H5
C2H5
Figure 2.5. Mechanism of reaction DEPC and triethylamine
takes place under mild condition that do not cleae the other amide bonds. This mild
cleavage is the reasn for use of benzyloxy carbonyl group to protect the N terminus.
De-protection is performed through hydrogenation.
For bonding the alkyl chains and also any other bonding in which amide bond will be
formed, Diethyl cyanophosphonate (DEPC ) and triethylamine is used. The use of
these chemicals is Based on this theory that if a substrate is prone to substitution we
can minimize the amount of substitution by using a bulky base the bulky base has large
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alkyl group that hinder its approach to attack a carbon atom (substitution), yet it can
easily abstract a proton from the substrate (elimination). Mechanisem of their
reaction is shown in figure 2.5.
For synthesis the head part, in first step the hydroxy 4-bromobutyrate and
4-hydroxybenzaldehide under a Williamson ether synthesis reaction form Ethyl 4-(4-
formylphenoxy) butanoate
In Williamson Ether Synthesis alkoxides are prepared by reaction of alcohols with
bases. Then reaction of alkoxides with primary alkyl halides happen. In fact this
reaction is a SN2 substitution reaction with oxygen serving as nucleophile.
R_OH + Na ► R—O" + H2
R.,__O' R2—X *► R-i— O — R2 + X
Figure. 2.6 Williamson Ether Synthesis mechanism
the used alkyl halide is primary so the backside attack is not sterically hindered.
The next step is changing Ethyl 4-(4- formylphenoxy) butanoate, as an benzaldehyde
to nitrostyrene. The most versatile synthesis of nitroalkanes involves the henry
condensation reaction of carbony moiety with nitroalkane to give beta-nitro alcoho;
which undergoes dehydration affording conjugated nitroalkene. This condensation
reaction is usually accomplished under midly basic condition. In the report of Gairaud
and Lappin in 1952 a more general procedure for condensation of nitroalkanes with
benzaldehyde was introduced. They showed that alcoholic potassium hydroxide
condensation has generally poor results with most substituted benzaldehyde in the
reaction with nitromethane. Condensation with methanolic methylamine is more
successful but it can give good yields only if the resulting beta-nitrostyrene is
high-melying and sufficiently insoluble in the reaction medium to precipitate almost as
fast as it is formed.
It can be inferred from the Gairaud and Lappin's report that the most satisfactory
procedure is the use of ammonium acetate in glacial acetic acid.
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Also in order to obtain the maximum yield of nitrostyrene yet avoid the formation of
the polymer it was necessary to run a series of
experiments with a given aldehyde-nitroalkane
combination to find the optimum time.
The next step is hydrolysis the resultant ester to have
carboxyl group for the last amide-bon forming
reaction. Esters can be hydrolyzed into their
constituent carboxylic acid and alcohol parts under
either acidic or basic conditions. The reagents for this
hydrolysis can be aqueous acid (e.g. H2SO4) / heat,
or aqueous NaOH / heat (known as
"saponification").Both are based on the formation of a CH3 | OCH3
tetrahedral intermediate which then dissociates, and in
both cases it is the C-O bond between the acyl group
and the oxygen that is cleaved. The beta-nitrostyrenes
undergo rapid cleavage in alkaline aqueous solution.
The cleavage reaction involves rate-deermining
nucleophilic attack by hydroxide ion at the alpha
position of the styrene, leading to an intermediate that
rapidly split into a benzaldehyde and the anion of the
nitromethane. So in this step ester hydrolysis under
basic condition is not suitable. In fact the acid
catalysed mechanism is the reverse of the Fischer
esterification. It can be categorized to 6 step. Step 1 is
an acid/base reaction. Since there is a weak
nucleophile and a poor electrophile its needed to
activate the ester. Protonation of the ester carbonyl
makes it more electrophilic. In step 2 The water O
functions as the nucleophile attacking the electrophilic
C in the C=O, with the electrons moving towards the
oxonium ion, creating the tetrahedral intermediate.
H3O
Figure 2.7. mechanism of ester hydrolysis (acidic condition)
:QH \
:OHH
H6-CH3
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Step 3 is another acid/base reaction. Deprotonation the oxygen that came from the
water molecule happens. Step 4 is also An acid/base reaction. Need to make the
-OCH3 leave, but need to convert it into a good leaving group first by protonation. In
step 5 the electrons of an adjacent oxygen is used to help "push out" the leaving group,
a neutral methanol molecule. And in last step Deprotonation of the oxonium ion
reveals the carbonyl in the carboxylic acid product and regenerates the acid catalyst
[32] (Figure 2.7)
After acidic condition ester hydrolysis, the last designed process of synthesis should be
performed. The last step is also an amide-bond forming reaction which can be done
with the use of DEPC and triethylamine as it is described former.
Obviously all steps specially the head synthesis steps should followed up by different
techniques like HPLC, NMR and UV-VIS spectroscopy to find the end point of each
reaction.
2.4.3. characterization process
characterization of the molecule will be done in 2 category, characterization the
synthesised molecule and characterization the organogels
in characterization the molecule melting poin , mobility of different part of the
molecule, and spectroscopic data should be mentioned. About the organogel properties
like sol-gel transition behaviour, shape, type and size of organogel network, and
aggregation behaviour should be studied.
2.4.4. Telomerization and. stabilization on silica surface
The resultant material should telomerized in ordered state and using grafting agent
stabilized on silica surface. The chemical structure of agent 710 which will be used for
this step is shown in figure 2.8.
OCH3
CH2= C —C—O— (CH2)3— Si — OCH3
CH3 OCH3
Figure 2.8. grafting agent to silica :agent 710
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2.5. Summary
The double chain alkylated L-glutamide, tail part, is synthesized according to our
procedure previously described. The head part is synthesized through a 3-step
procedure, 4-hydroxybenzaIdehyde with ethyl 4-bromobutyrate pass through a keton
formation reaction and then through a condensation with nitromethane under
ammonium acetate the nitrostyrene part of molecule form. The ethyl ester is
hydrolyzed in acidic situation. Lipophil molecule is prepared through bonding the
head and the tail parts. Each step of synthesis should be reconfirmed by elemental
analysis, FT-IR and NMR spectroscopy.
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Chapter 3
Synthesis and characterization of L-glutamide-derived lipid, a
highly-ordered stationary phase
3.1. Materials
Starting from L-glutamic acid all chemicals for the synthesis of
highly-ordered dialkyl lipids were purchased from Wako Pure Organic Chemical
Industries, Sigma Aldrich, Tokyo Kasei Kogyo Co. Ltd. (Tokyo, Japan) and Nacalai
Tesque Inc. (Kyoto, Japan), respectively, and used as received.
3-Aminopropyltrimethoxysilane (APS) was purchased from Azmax Co. (Chiba, Japan).
Porous silica particles (YMC-GEL) were purchased from YMC Co. Ltd. (Kyoto, Japan)
whose average diameter; pore size and surface area are 5 /urn, 12.0 nm and 339m2 g1,
respectively. The silica supported APS (Sil-APS) was packed into a stainless steel
column (250 x 4.6 m.m. i. d.). Highly-ordered long alkyl chain L-glutamide derived
stationary phase was synthesized, characterized and packed into stainless steel column
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(250 x 4.6 m.m. i.d.). Silica supported L-glutamate lipid (Sil-pLGN) uses YMC silica
gel, 5^m diameter, pore size 12.0 nm, surface area 300 m2g"] containing 8.7%C in the
bonded ligand was prepared and characterized. [1-3]
3.1.1. Samples and Reagents
All the PAHs, alkylbenzenes, pyrimidines and purines were purchased either from
Sigma-Aldrich (Tokyo, Japan), Fluka Chemica-Biochemica (Tokyo, Japan) or from
Wako Pure Chemicals (Tokyo, Japan). The sample solution was prepared by dissolving
1 mg of solute in 1 ml of mobile phase and stored in the refrigerator. HPLC grade
methanol and water were used as mobile phase. The mobile phase was degassed and
filtered before use in HPLC.
3.2. Preparation ofL-glutamide-derived lipid
3.2.1. Tail Part Synthesis
3.2.1.1. N-benzyloxycarbonyl-L-glutamic acid (L-Glu Z)
L-Glutamic acid (10 g, 0.068 mol) was dissolved in sodium hydroxide aqua (1 N, 150
ml) and stirred in ice box. Sodium hydroxide aqua and Z- chloride (3.5 ml) were added
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four times and the mixture was stirred about 5 hours. The mixture was washed with
diethyl ether (50 ml) three times. Hydrochloride acid (1 N) was added until pH of the
mixture reach to 2. The oily extractive was extracted by ethyl acetate (50 ml) three
times and washed by water (30 ml) two times. The solution was dried by sodium sulfate
unhydride and concentrated to volume approximately 15 ml. and n-hexane (150 ml) was
added to it. The solution was stirred by glass rod and yielded precipitate of L-GluZ.
L-Gln-Z , C13H15NO6 , was successfully synthesized with a yield of 55%. The melting
point was 119-121° C, comparing to references 120° C. Result of elemental amalysis
is shown in table 3.1.
Table 3.1 Comparative results of elemental analysis of L-Gln-Z
H% C% N% C/N
Calculated 5.37 55.51 4.98 11.29
Found 5.45 55.24 4.89 11.14
FTIR and 1H-NMR spectra indicated that a pure product was obtained. (Figure 3.1). In
IR spectrum absorption related to (3300 cm"1), (1682 cm"1), (1546 cm"1), (1524 cm"1 )
and (1418 cm"1) were observed. In 'H-NMR spectroscopy in CD3OD following peaks
were observed. 1.92 ppm (strongly coupled) ,2.16 ppm ( strongly coupled),2.403 ppm
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(J=7.69 Hz), 4.235 ppm (4.94 Hz, 9.34 Hz), 5.069 ppm, 7.30 ( strongly coupled Peak
assignment is shown on figure 3.1.
3.2.1.2. NlfN5-didocecyl'N2-benzyloxycarbonyl-L-glutamide (2CnL-gln-Z)
A mixture of L-GluZ (7.0 g, 0.025 mol) and dodecylamine (10.45 g, 0.0564 mol) in
tetrahydrofuran (350 ml) was stirred at 0° C(in ice box). Triethylamine (6.4 g, 0.063
mol) and DEPC (11.6 g, 0.064 mol) were added and stirred for 1 day. The mixture was
concentrated and dissolved in chloroform (250 ml). The solution was washed with
hydrochloric acid (0.2, 50 ml) three times and sodium hydrogen carbonates aqua (0.2 N,
50 ml) three times and water. The chloroform solution was dried by sodium sulfate and
concentrated. The white solid was recrystalized from methanol.
2-Ci2-L-Gln-Z , C37H65N3O4 , was successfully synthesized with a yield of 75%. The
melting point was 141-143° C, comparing the references 142-143.5 ° C. Result of
elemental amalysis is as table 3.2.
Table 3.2 Comparative results of elemental analysis of 2-Ci2-L-Gln-Z
H% C% N% C/N
Calculated 10.64 72.15 6.82 8.19
Found 10.61 72.08 6.81 8.28
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FTIR and 'H-NMR spectra indicated that a pure product was obtained. (Figure 3.2). In
IR spectrum absorption related to (3286 cm"1), (2917 cm'1), (2849 cm"1), (1686 cm"1),
(1645 cm"1 ) and (1536 cm'1) were observed. In 'H-NMR spectroscopy following peaks
were observed. Peak assignment is shown on figure 3.2.
3.2.1.3. Nl,N5-didocecyl-L-glutamide (2Cl2L-Glu)
2Ci2-L-Gln-Z (5.25 g, 0.008 mol) was dissolved in ethanol (200 ml) and stirred at 60°
C. Palladium carbon (0.5 g) was added and hydrogen gas was flowed. Hydrogenation
process was monitored by IR spectroscopy. The methanol solution filtrated and
concentrated. A white solid recrystalized from methanol.
2-Ci2-L-Glu, C29H57N3O4 , was successfully synthesized with a yield of 53%. The
melting point was 141-143° C, comparing the references 142-143.5 ° C. Result of
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elemental amalysis is as table 3.3.
Table 3.3 Comparative results of elemental analysis of 2-Ci2-L-Gln
H% C% N% C/N
Calculated 12.32 71.95 8.78 8.19
Found 12.34 72.29 8.721 8.28
FTIR and 'H-NMR spectra indicated acceptable results. (Figures 3.3). In IR spectrum
absorption related to (3324 cm"1), (2917 cm"1), (2850 cm"1), (1632 cm"1) and (1528 cm"1)
were observed. In 'H-NMR spectroscopy in CDCI3 following peaks were observed.
0.88 ppm (J = 6.7 Hz), 1.26 ppm, 1.49 ppm (J = 6.4 Hz), 1.94 ppm ( strongly coupled),
2.31 ppm (J = 6.6 Hz), 3.21 ppm (J = 7 Hz), 3.39 ppm (J = 6.7 Hz), 6.34 ppm (J = 3.4
Hz), 7.36 ppm (J = 5.5 Hz).
Peak assignment is shown on figure 3.4.
3.2.1.4. N-benzyloxycarbonyl-fi-Alanin (fi-Ala-Z)
B-Alanin (10 g, 0.112 mol) was dissolved in sodium hydroxide aqua (2 N, 60 ml) and
stirred in ice box. Sodium hydroxide aqua (4 n, 8 ml) and z-chloride (5 ml, 0.035 mol)
were added four times, and the mixture was stirred about 1 hour. The mixture was
washed with diethyl ether (25 ml) four times, hydrochloric acid (IN) was added until
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pH of the mixture reached to 3 and , precipitate was yielded by filtration, the filtered
solid was recrystallized from chlorofom.
fl-Ala-Z, C10H13NO4 , was successfully synthesized with a yield of 50%. The melting
point was 105-106° C, comparing the references 106-109 ° C. Result of elemental
analysis is as table 3.4.
Table 3.4 Comparative results of elemental analysis of B-Ala-Z
H% C% N% C/N
Calculated 5.87 59.19 6.28 9.42
Found 5.9 59.0 6.20 9.51
FTIR and ]H-NMR spectra indicated acceptable results. (Figures 3.4. In IR spectrum
absorption related to (3335 cm"1), (2866 cm'1), (1686 cm"1), (1439 cm"1) and (1421 cm"1)
were observed. In ^-NMR spectroscopy in CD3OD following peaks were observed.
2.49 ppm (J = 6.6 Hz), 3.36 ppm ( J = 6.7 Hz), 5.04 ppm (no coupling), 7.302 ppm
(strongly coupled).
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Peak assignment is shown on figure 3.4.
3.2.1.5 N\Ns-didodecyl-N2-[3-(N-benzyloxycarbonyl)amino]propionyl-L-glutamide
(2Ci2-L-Glu-P-Ala-Z)
A mixture of p-Ala-Z (2.8 g, 0.0126 mol) and 2C12-L-Gln (4 g, 0.008 mol) in
tetrahydrofuran (400 ml) was stirred at 0° C(in ice box). Triethylamine (2.5 g, 0.0247
mol) and DEPC (2.1 g, 0.0129 mol) were added and stirred for 1 day. The mixture was
concentrated and dissolved in chloroform (250 ml). The solution was washed with
hydrochloric acid (0.2, 100 ml) three times and sodium hydrogen carbonate aqua (0.2 N,
50 ml) three times and water. The chloroform solution was dried by sodium sodium
sulfate and concentrated. The white solid was recrystalized from methanol.
2Ci2-L-Glu- B -Ala-Z, C40H70N4O5 , successfully synthesized with a yield of 91%.
The melting point was 168-172° C, comparing the references 167-170° C. Result of
elemental amalysis is as table 3.5.
Table 3.5 Comparative results of elemental analysis of 2C|2-L-Glu-B-Ala-Z
H% C% N% C/N
Calculated 10.27 69.93 8.16 8.57
Found 10.05 68.93 7.94 8.68
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FTIR and ]H-NMR spectra indicated acceptable results. (Figures 3.5). In IR spectrum
absorption related to (3292 cm"1), (2920 cm"1), (2851 cm"1), (1698 cm"1) ,(1636 cm"1)
and (1557 cm"1) were observed. In 'H-NMR spectroscopy following peaks were
observed. Peak assignment is shown on figure 3.5.
3.2.1.6 2cl2-L-Glu-P-Ala
2Ci2-L-Gln-B-Ala-Z (5.0 g, 0.0073 mol) was dissolved in ethanol (400 ml) and stirred
at 60° C. Palladium carbon (0.5 g) was added and hydrogen gas was flowed.
Hydrogenation process was monitored by IR spectroscopy. The methanol solution
filtrated and concentrated. A white solid recrystalized from methanol.
2Ci2-L-Glu- B -Ala, C32H64N4O3 , was successfully synthesized with a yield of 70%.
The melting point was 133-135° C, comparing the references 135-137° C. Result of
elemental analysis is as table 3.6.
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Table 3.6 Comparative results of elemental analysis of 2cl2-L-Glu-(3-Ala
H% C% N% C/N
Calculated 11.66 69.51 10.31 6.74
Found 11.2 65.93 9.4 7.01
FTIR and ]H-NMR spectra indicated perfect results. (Figures 3.5) In IR spectrum
absorption related to (3291 cm"1), (2921 cm'1), (2852 cm"1), (1635 cm'1) and (1555 cm"1)
were observed. In 'H-NMR spectroscopy in CDC13 following peaks were observed. 0.89
ppm (J = 6.7 Hz), 1.26 ppm, 1.49 ppm (J = 6.9 Hz), 1.99 and 2.08 ppm (strongly
coupled), 2.28 ppm (strongly coupled), 2.36 ppm (J = 5.9 Hz), 3.02 ppm (J = 6 Hz),
3.21 ppm (J = 6.6 Hz), 4.36 ppm (J = 7.7 Hz), 6.12 ppm (J = 5.1 Hz), 7.08 pm (J = 5.6
Hz), 7.78 ppm (J = 7.3 Hz).
Peak assignment is shown on figure 3.6.
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3.2.2. Head and neck part synthesis
3.2.2.1. Ethyl 4-(4-formylphenoxy) butanoate
To a stirred suspension of 4-hydroxybenzaldehyde (16 mmol))and Pottasium
carbonate(33 mmol) in ethanol (15 ml) Ethyl-4-bromobutyrate (16 mmol) was added
stepwise at room temperature . The mixture refluxed for 18 hours. The reaction mixture
was allowed to cool down to room temperature. After filtration and solvent removal,
basic water was added and the precipitate was extracted by chloroform. The chloroform
mixture dried by sodium sulfate and evaporated. Clear liquid yielded.
Ethyl 4-(4- formylphenoxy) butanoate, C37H65N3O4 , was successfully synthesized as
a clear liquid with a yield of 75%. lH-NMR and 13C-NMR spectra indicated perfect
results. (Figure 3.6). In 'H-NMR and 13C-NMR spectroscopy in CDCl3the following
peaks were observed. 1.005 ppm(7.14 Hz), 1.885 ppm (6..59 Hz), 2.294 ppm (7.32 Hz),
3.841 ppm (6.23 Hz), 3.896 ppm (7.13 Hz), 6.742 ppm (8.6 Hz), 7.562 ppm (8.78 Hz),
9.609 ppm. Peak assignment is shown on figure 3.7.
3.2.2.2 4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, ethyl ester
Ethyl 4-(4- formylphenoxy) butanoate (0.002 mol), Nitromethane (8 mmol) and
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Ammonium acetate (2.6 mmol) were added to Acetic acid (20 ml). The resulting
solution was refluxed for 4 hours and then poured into ice-water. The pericipitate
yielded by filtration and recrystalized from methanol.
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, ethyl ester, C14H17NO5 , was successfully
synthesized with a yield of 72%. The melting point was 65° C, (there is no reference for
this product). The Result of the elemental analysis is as table 3.7.
Table 3.7 Comparative results of elemental analysis of
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, ethyl ester
H% C% N% C/N
Calculated <U 6<K2 5J) 12.04
Found 6.0 60.0 5.0 12
FTIR and 'H-NMR spectra indicated perfect results. (Figures 3.8). In IR spectrum
absorption in 1727 cm1, 1628 cm"1, 1600 cm"1, 1519 cm1 , 1479 cm'1 , 1341 cm1 and
1255 cm1 were observed. In 'H-NMR spectroscopy following peaks were observed.
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Peak assignment is shown on figure 3.8.
3.2.2.3. 4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, ethyl ester (1.8 mmol) in a mixture of
hydrochloric acid (2N, 2 ml), water (100 ml) and THF 50 ml) refluxed for 36 hours. The
organic phase in resulting solution was evaporated and and product extracted by
chloroform. And yielded by evaporation the chloroform.
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid, C12H13NO5, was successfully synthesized
with a yield of 60%. The melting point was 148-149.5° C (there is no reference for this
product). The result of the elemental analysis is as table 3.8.
Table 3.8 Comparative results of elemental analysis of
4-[4(2 nitro-l-ethenyl)phenoxy] butyric acid
H% C% N% C/N
Calculated 5.21 57.36 5.57 10.3
Found 5.3 56.8 5.5 10.32
FTIR and !H-NMR spectra indicated that a pure product was obtained. (Figure 3.9). In
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IR spectrum absorption related to carbonyl group (1732 nm), Vinyl group (1614 nm),
aromatic C-C (1601, 1516 nm), nitrilegroup (1427, 1310 nm) , C-O-C part (1251 nm)
and broad peak related to acid OH was assigned. In 'H-NMR spectroscopy in CD3OD
following peaks were observed. 2.07 ppm (J = 6.9 Hz), 2.48 ppm (J = 7.3 Hz), 4.08 ppm
(J = 6.2 Hz), 6.99 ppm (J = 8.8 Hz), 7.62 ppm (J = 8.8 Hz), 7.77 ppm (J = 13.7 Hz), 8
ppm (J= 13.5 Hz).
Peak assignment is shown on figure 3.9.
3.2.3 Bonding neck to the tail part
A mixture of 4-[4(2nitro-l-ethenyl)phenoxy]butyric acid (1.086 mmol, 0.27 g) and
2C12-L-Gln- p -Ala (0.724 mmol, 0.4 g) in tetrahydrofuran (30 ml) was stirred at 0° C
(in ice box). TEA (2.172 mmol) and DEPC (1.086 mmol) were added and stirred for 1
day. The mixture was concentrated and dissolved in chloroform. The solution was
washed with basic water. The chloroform solution was dried by sodium sodium sulfate
and concentrated. The product was recrystalized from methanol.
End product, C44H75N5O7 , was successfully synthesized with a yield of 60%. The
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melting point was 189-192° C (there is no reference for this product). The result of the
elemental analysis is as table 3.9.
Table 3.9 Comparative results of elemental analysis of
end product
H% C% N% C/N
Calculated 9.6 67.2 8.31 7.6
Found 8.98 65.01 8.9 7.8
FTIR , 'H-NMR , I3C-NMR , DQF-COSY, DEPT spectra indicated perfect results.
(Figures 3.10, 3.11). In IR spectrum absorption in 3283 cm"1, 2920 cm"1, 2851 cm"1,
1630 cm"1 , 1604 cm"1 , 1514 cm"1, 1310 cm"1 and 1252 cm"1 were observed. In
'H-NMR spectroscopy in CDCI3 following peaks were observed. 0.87 ppm (J = 6.7 Hz),
1.25 ppm, 1.49 ppm (J = 6.2 Hz), 1.97 and 2.08 ppm (strongly coupled), 2.125 ppm (J =
6.6 Hz), 2.30 ppm (strongly coupled), 2.36 ppm (J = 7.1 Hz), 2.42 ppm (J = 6.2 Hz),
3.23 ppm, 3.50 and 3.56 ppm (strongly coupled), 4.06 ppm (J = 6 Hz), 4.35 ppm (J =
4.9 Hz), 5.84 ppm (J = 5.5 Hz), 6.45 ppm (J = 5.5 Hz), 6.82 ppm (J = 5.5 Hz), 6.93 ppm
(J = 8.8 Hz), 7.2 ppm ( J = 7 Hz), 7.47 ppm (J = 8.8 Hz), 7.5 ppm (J = 13.7 Hz), 7.95
50
ppm (J = 13.6 Hz). Peak assignment is shown on figure 3.10.
3.3. polymerization and grafting on silica particles
To introduce telomerized LGN on silica surface, the mixture of LGN, agent S710, and
AIBN in a molar ratio of 10,2,2 respectively was exposed to UV irradiation (315-400
nm) until full telomerization of lipid (confirmed by NMR spectroscopy).
The resultant telomere (PLGN) was coupled to Silica surface. Silica particles (YMC
120-S5) were mixed with PLGN in a weight production of 3 to 10 and stirred at reflux
temperature in chloroform for 18 hours, then toluene was added and stirring was
continued in toluene for 6 days. The product was gathered after filtration and frequently
washed with hot chloroform and hot methanol. After 24 hours vacuum drying, the
amount of carbon and hydrogen was determined to be 18.6 and 3.1% based on
elemental analysis. The process was repeated with different wt proportion of silica and
pLGN and in mass production (3-4 g) in which both the concentration of gel during
polymer formation and the concentration of PLGN during coupling was much higher
than the first experiment. In that experiment the obtained carbon percentage was equal
to 7.3 and with a step up process it increased to 8.3%. The low carbon percentage can
51
be attributed to the theory that in high concentration condition the telomers cannot
penetrate to silica pores; also big telomeres (secondary to high concentration during
telomerization) cannot penetrate the silica easily.
3.4. Characterization ofL-glutamide-derived lipid and Sil-pLGN
3.4.1. Differential Scanning Calorimetry (DSC)
DSC was carried out using EXTRA 6000 with DSC6200 from Seiko Instruments Inc
(Japan). DSC showed 2 endothermic peaks at 182.2 and 190°C.
3.4.2 Transmission Electron Microscopy (TEM)
Transmission electron micrographs were recorded by using a JEOL 2000FX. The
samples were spotted on carbon-coated copper grids (200 A). After excess of the
samples was removed by a tissue paper and air-dried, they were stained with 2 wt % of
Ammonium molybdate. Fibrous aggregates of L-glutamate derived lipid was observed
in benzene, cyclohexane, and ethanol.
3.4.3. NMR spectroscopy
All NMR spectra were measured by VARIAN UNITYIN0VA AS400 at static
magnetic field of 9.4 tesla using GHX Varian AS400 nanoprobe for suspension-state
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'H-NMR and VARJAN 7-mm VT CP/MAS probe for solid-state 13C-CP/MAS-NMR.
All NMR parameters mentioned in this paper are compatible with terminology of
VARIAN UNITYIN0VA. We used spin rate of 2000-3500 Hz for suspension-state
'H-NMR and 4000-4500 Hz for solid-state 13C-CP/MAS-NMR except polymeric ODS
at 50 °C (spin rate of 2000-2500 Hz). The NMR under-peak areas were measures after
correcting the base line and setting the total under-peak area to a value of 1000. The
stationary phases containing octadecyl chain (monomeric and polymeric ODS,
Sil-ODA25 and Sil-pLGN) were compared.
3.4.3.1. Suspension-state *H-NMR
We made four suspensions adding 10 mg of each one of Sil-ODA25, polymeric and
monomeric ODS and Sil-pLGN to 100 |il methanol-d (CD3OD) including 0.03%
Tetramethylsilane (TMS) and 0.05% Hexamethyldisilane (HMS). Methanol-d was
chosen because it had been the mobile phase during our past RP-HPLC observations.
All samples were prepared at the same time using one single ampoule of CD3OD.
Hexamethyldisilane was added to work as a reference of signal intensity but protons of
CD3OD proved better for this purpose. Suspension-state JH-NMR spectra were
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measured at temperatures: 20, 25, 30, 35, 40, 45 and 50 C using GHX Varian AS400
nanoprobe. The parameters used for measurement were delay time dl = 15 s, pulse
width pw = 90°, transient numbers nt = 32, Spectral width sw = 6000 Hz. Water was
suppressed using presaturation pulse sequence with saturation delay of 1.5 s and
saturation power of 2 db. For assigning peaks, after determination of pulse width of 90°
simple RELAY COSY (correlation spectroscopy) was done and the chemical shifts of
the terminal methyl and methylene of octadecyl groups were determined. Shimming
were adjusted for each temperature using a standard semi-automatic method. At the
same time Tj-Analysis and T2 measurement via cpmgt2 pulse sequence (Carr-Purcell
Meiboom-Gill T2) were done.
3.4.3.2. Solid-state 13C-CP/MAS NMR
Hexamethyl benzene was used for adjusting the magic angle before each
experiment. NMR frequency referencing was performed by adjusting methyl peak of
HMB to 17.3 ppm. Solid-state 13C-CP/MAS NMR spectra were measured at
temperatures: 20, 25, 30, 35, 40, 45 and 50 C using a line broadening factor of 5 (lb =
5). Hartmann-Hahn matching was satisfied via arrayed experiments on hexamethyl
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benzene. Other important Parameters were as follows: spectral width, sw = 50000 Hz;
proton pulse width, PW90=11.6 us; contact time for cross polarisation, cntct = 5 ms;
delay before acquisition, dl = 2 s except first few measurements in which it was 6 s;
numbers of transients were 20000 (for assigning relevant peaks) and 1000 (for variable
temperature experiments). High power proton decoupling of 63 db with fine attenuation
of dipolr = 2500 was used only during detection periods.
3.4.4. Chromatography
The chromatographic system consists of a Gulliver PU-980 intelligent HPLC pump
with a Rheodyne sample injector having 20^1 loop. A Jasco multi-wave length UV
detector MD 2010 plus was used as the detector. Depending on the sample under study,
a Jasco mono-wave length chiral detector CD 2095 plus or a Jasco mono-wave length
intelligent florescence detector FP 2020 plus were used as appropriate. The column
temperature was maintained by using a column jacket with a circulator having heating
and cooling system. A personal computer connected to the detector with Jasco-Borwin
(Ver 1.5) software was used for system control and data analysis. As the sensitivity of
UV detector is high, 5jli1 sample solution was used for each injection. To avoid
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overloading effects, special attention was given in this study for the selection of
optimum experimental conditions. Separations were performed using HPLC grade
methanol and water mixture (70:30) as mobile phase at a flow rate 0.5 mLmin"1. The
retention factor (k) measurement was done under isocratic elution conditions. The
separation factor (a) is the ratio of the retention factor of two solutes, that are being
analyzed. The chromatography was done under isocratic elution conditions. The
retention time of D2O was used as the void volume (to) marker (The absorption for D2O
was measured at 400 run, which actually considered as injection shock). All data points
except very low temperature measurements were derived from at least duplicate
measurements; with retention time (tR) value varies ±1%.
3.4.4.1. Chromatographic parametersfor assessment ofcolumn performances
The following parameters were considered for the assessments of chromatographic
performances of column or stationary phases. The number of theoretical plate {N) is the
measure of column efficiency. It is represented by the band widths. Band width
increases as the retention time increases. Therefore, N is the measure of relative band
broadening with distance down the column. For a given set of operating conditions the
56
quantity N is approximately constant for different bands in the chromatogram. It is
varied by changing column length, solvent velocity or by switching to a different
column packing materials.
N= 5.54 (tR/wm)
Figure 3a.Separation of two component mixture by HPLC
Figure 3a shows a simple separation of two-component mixture with retention time
and fa. The relative retention "a" (separation factor) for two components is the
measure of solvent efficiency. The "a" values varied by changing mobile phase and/or
stationary phase, where as k (retention factor) is controlled by the mobile phase
composition.
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a =
The combined effect of solvent and column efficiency is expressed by the terms
resolution (Rs)
It should be noted, however, that serious errors may results in the measurement of the
column plate count if the peaks are not Gaussian. In this situation, it is important to
include the peak asymmetry factor (AF) calculated at 10% of peak height.
In this situation the number of theoretical plates, a column has, is calculated by
the Foley-Dorsey equation as we discussed in chapter 1:
41.7
N =
/ i
r
1,25
3.6. Summary
For synthesizing the desired molecule, the tail part was synthesized in a 6-steps
procedure through which L-glutamic acid that its amine group, protected by Z-Cl, was
introduced to dodecylamine. After its deprotection, the amine part was introduced to
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carboxyl group of protected p-alanine and the final product was de-protected. For
synthesizing the head part through a 3-steps, 4-hydroxybenzaldehyde with ethyl
4-bromobutyrate passed through a keton formation reaction and then through a
condensation with nitromethane under ammonium acetate the nitrostyrene part of
molecule formed. Because of high probability of styryl group hydrolysis in basic media
the ethyl ester was hydrolyzed in acidic situation. Each step of synthesis was
reconfirmed by elemental analysis, FT-IR and NMR spectroscopy. Then the material
was polymerized and grafted on silica surface using agent 710.
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Chapter 4
Characterization of the Stationary Phase
4.1. Double alkyI liphophilic L-glutamide derivative (LGN)
4.1.1. general characterization
Double-chain L-glutamic acid derived lipids were long time studied as self-assembling
materials in an aqueous field. In 1992 Ihara et al [1] introduced dialkylamide L-glutamide
derivatives instead of diester group. This compound hardly dissolved in water but in
various organic solvents this readily dissolved and gelated. After that report many
researchers worked with the organogel system and found various application of this
techniques. In this research we have applied this special amphiphiles as HPLC packing
materials for molecular recognition.
4. L 1.1. Sol -Gel Transition
It was confirmed that lipid LGN could dissolve more easily in hot THF and chloroform
than in other solvents. In THF, after cooling down, it produces clear organogel. Similar
gelation behaviors were observed in benzene, ethanol, and the mixture of
cyclohexane-ethanol (9-1), although slightly turbid gels were obtained in them. The
gelation properties of lipid were investigated in detail. As shown in Table 4.1, it can make
a gel at a concentration of 0.2 wt% in benzene ethanol, and the cyclohexane-ethanol (9-1)
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mixture, as described, the cgc, critical gelation concentration, estimated by an inverse fluid
method to be 2 mM in benzene, ethanol, and the mixture of cyclohexane-ethanol (9-1) and
5 mM in THF.
Table 4.1. Gelation property of synthesized lipid in different solvents and different
concentrations
5mM 3mM 2mM lmM 0.5 mM
Solvent
Benzene gel gel gel sol sol
Ethanol gel gel gel sol sol
THF gel sol sol sol sol
Chloroform sol sol sol sol sol
Cyclohexane/Ethanol gel gel gel sol sol
4.1.1.2. Differential Scanning Calorimetry Methodology
The DSC measurement showed an exothermic peak related to thermally induced sol-to-gel
transition with a peak-top at 20 °C. also it showed a wide endothermic around 65 °C.
4.1.1.3. UV-VIS spectroscopyfor determining the aggregates type
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The absorption spectrum of organogel of benzene at room temperature exhibits a
maximum at 353 nm. shift in max is observed at different concentration.
In ethanol organogel, the absorption max occurs at 344.5 nm.
In all organogels Upon decreasing the temperature, a red shift is observed with a maximum
max occurring at 354 nm in benzene, 350.5 nm in ethanol and 345.5 nm .in the mixture of
ethanol—cyclohexane.
To illustrate this result, Tables 4.2 - 4.5 presents the max of each Gaussian in the
absorbance spectra in different temperatures and concentrations for organogels of each
solvent.
Table 4.2 Maximum of each Gaussian (kmax) in the absorbance spectra in different
concentrations for organogels of each solvent at 15 °C
Benzene Cyclohexane / Ethanol Ethanol
Concentration (9/1)
0.01 mM
0.02 mM
0.03 mM
0.05 mM
0.1 mM
0.2 mM
0.5 mM
lmM
350
352
353
353.5
353
353
353.5
354
342.5
344
344.5
344.5
344.5
344.5
345
345.5
347.5
350
350
350
350
350
350
350.5
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Table 4.3 Maximum of each Gaussian (kmax) in the absorbance spectra in different
concentrations for organogels of each solvent at 25 °C
Concentration
0.01 mM
0.02 mM
0.03 mM
0.05 mM
0.1 mM
0.2 mM
0.5 mM
lmM
Benzene
348
351
352
352.5
352
352
352.5
353
Cyclohexane / Ethanol
(9/1)
342
343
343.5
343.5
343.5
343.5
344
344.5
Ethanol
346.5
349
349.5
349.5
349.5
349.5
349.5
349.5
Table 4.4 Maximum of each Gaussian (A.max) in the absorbance spectra in different
concentrations for organogels of each solvent at 40 °C
Concentration
0.01 mM
0.02 mM
0.03 mM
0.05 mM
0.1 mM
0.2 mM
0.5 mM
lmM
Benzene
345
349
350.5
351
351
350.5
351
351.5
Cyclohexane / Ethanol
(9/1)
340
341.5
342.5
343
343
342.5
343
343.5
Ethanol
346.5
348.5
349
349
349
349
349
349
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Table 4.5 Maximum of each Gaussian (Xmax) in the absorbance spectra in different
concentrations for organogels of each solvent at 60 °C
Benzene Cyclohexane / Ethanol Ethanol
Concentration (9/1)
0.01 mM
0.02 mM
0.03 mM
0.05 mM
0.1 mM
0.2 mM
0.5 mM
1 mM
344
347.5
348.5
348.5
348.5
348.5
349
349.5
338.5
340
341
341.5
341.5
341
341.5
342.5
345
347.5
348
348
348.5
348
348
348.5
Notice on change of maximum of Gaussian in the absorbance spectra in different
temperature shows a distinct red shif of spectra. This Certain substitution patterns suggest
an orientation of the organogelators in a manner that favors side-by-side interactions and
J-aggregate formation.
In particular, for organogelator, a red shift is observed in the absorption spectra. We
conclude that these red-shifted spectra reflect the formation of J-aggregates via hydrogen
bonding.
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Figure 4.1. Molecular coefficient (e355) of synthesized organogelator at 25 °C in benzene.
The cac is calculated based on uv-vis spectral max absorption and related wavelength, in
the plot of molecular coefficient we can not see the point that the remarkable decrease
begins, but obviously it is lower than 0.01 mM . In concentrations lower than 0.01 mM the
UV-VIS absorbance spectrum related to functional group of molecule can not be
detected so fro these data it can be inferred that the cac of this molecule is about 0.01 or
lowe than it.Also confirming this data the value ofe355 has a remarkable change in the
same concentration, (as table 4.3-4.5)
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These results indicate that the critical aggregation concentration is much lower than the
cgc.
4.1.1.4. SEMand TEMfor determining the aggregates shape and size
The gel structure was imaged by scanning electron microscopy (SEM) after replication of
the fracture surface of frozen gels and by direct observation of the gelled solution . An
interconnected network of microfibrils, the width of which is in the range of 5 - 50 nm, is
observed.
Fig. 4.2 shows typical SEM images of the xerogels of synthesized lipid prepared from their
benzene gels. It is clear that it produces a fibrillar network whose observed minimum
diameters are about 40 nm. This is much larger than the molecular length of the molecule
of about 10 nm and thus allows us to imagine that the fibrils are made up of multi-wall ■.
layers or multi-strands. Supporting this assumption, thinner fibrils of 10 nm or so were
detected by TEM observation. Similar fibrillar network formation has been widely detected
with self-assembling organogelators; thus it can be concluded that the gelation is brought
about through formation of aggregate networks.
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Figure 4.2. SEM image of xerogels (a) and TEM image of gel in cyclohexane/ethanol
mixture obtained from synthesized molecule
(a)
(b)
4.1.2. Drivingforces ofmolecular aggregation (NMR observation)
To find out the driving force for molecular aggregation of lipid LGN we have
investigated ' H-NMR spectroscopy of L in CDCL3. Four peaks were observed at around
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5.90, 6.86 and 7.4 ppm in CDCL3 indicates the amide proton (-NH-) at 25°C which
indicates amide protons. However, the peaks at 5.9 and 6.86 have shifted to the down field
(5.95 and 7.03 ppm) respectively after addition of 0.5 eq. mol of tetrachloromethane.
Furthermore, when 1 eq. mol of tetrachloromethane was added to LGN in CDCL3 solution
much stronger downfield shifts of -NH- proton were observed. These down fields of the
amide protons indicate hydrogen bonding interaction among amide groups were produced
[2] and this work as a driving force to aggregate them. ^-NMR spectra at 60°C showed
almost similar spectrum to that shown after addition of 1 eq. mol. of tetrachloromethane.
This also showed that temperature also played important role for the intermolecular
hydrogen bonding likewise phase transition of the bilayer membranes.
Tetraflouroaceticacid (TFA) an inhibitor of gelation was added to the dialkyl L-glutamide
lipid gel in benzene or in toluene remarkable morphology changes of fibrous aggregates
was observed in TEM observation. This also proves that intermolecular hydrogen bonding
works as a driving force for aggregation in organic solvents.
4.1.3. The role offi-nitrostyrene headpart in the self-assembly
4.1.3.1. Introduction
Lipid LGN (N3)is composed of L-glutamide moiety, double long-chain alkyl groups as
lipophilic parts, an spacer derived from p-alanin, and a nitrostyrene derived head group.
N3 has double chain alkylated L-glutamide moiety which is a key unit to create
highly-oriented nanofibrillar aggregates and four amide bonds to promote the formation of
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highly oriented structures1. Also the high ability of N3 in self assembly and gel formation
has been examined. To demonstrate the role of the nitrostyrene moiety in self assembly of
N3 we examined N3 along with 2 other compounds Nl, N2 which have the nitrostyrene
moiety in common with N3 but have not the ability of self assembly. (Fig. 4.3.)
C3 Cl C25
^^—NO2I Cll C10 C9 I IE
—CH2_C—CH2_CH2—CH2— ^T
C3 Cl C25
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n1 cu C1° c9HOC CH2 CH2 CH2
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Figure 4.3. Chemical structure of compounds Nl, N2, N3
nitrostyrene systems (D-Ph-CH=CH-NO2) is a particular molecular model of long
distance electronic charge transfer induced by the para -substituent electron-donor (D) and
the NO2 electron-acceptor group in the ground state.
The electronic charge densities of n molecular structure between D and NO2 group in 3
compounds are analyzed by means of AMI semiempirical molecular orbital calculations.
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As the structures of these 3 compounds are similar, the long distance electronic effects
from the electron-donor substituents to the acceptor nitro group, through the aromatic ring
and the CH=CH olefinic bridge, is alike. In other words there is no significant difference
between the calculated charges between corresponding atoms in these three compounds by
means of AMI semiempirical molecular orbital calculations, and as a result their chemical
shift in NMR spectroscopy should be similar. [3]
On the other hand, self assembly through inter molecular interactions such as n-n
interactions in rings or carbonyl groups can be a source of intermolecular charge transfer
which is not mentioned in single molecule AMI molecular orbital calculations. In this
work we tried to find these sorts of interactions via examining the 13C-NMR spectra of
molecules to find out the sites of self-assembly in the compound N3.
4.1.3.2. Material and Method
The double chain alky I ated L-glutamide, tail part, is synthesized according to our
procedure previously described. [4] The head part is synthesized through a 3-step
procedure, 4-hydroxybenzaldehyde with ethyl 4-bromobutyrate pass through a keton
formation reaction and then through a condensation with nitromethane under ammonium
acetate the nitrostyrene part of molecule forms. The resultant ethyl ester (Nl) is hydrolyzed
in acidic situation to yield the compound N2. N3 is prepared through bonding the head
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(N2) and the tail parts. Each step of synthesis was reconfirmed by elemental analysis,
FT-IR and NMR spectroscopy.
Nuclear magnetic resonance spectra were recorded on a Varian Unity Inova AS400 at a
static magnetic field of 9.4 T using nanoprobe GHX for solution-state 13C- NMR at a spin
rate of 1500-2000 Hz.
The concentration range of the samples dissolved in 50 \x\ of deuterated methanol and
chloroform was 3.5-4.5 mg.
For the molecular orbital calculations we used the AMI semiempirical approach [5], on a
PC network station in our Laboratory.
4.1.3.3. Results
In table 4.6 we present the 13 C-NMR spectral assignment of these -nitrostyrene derived
compounds based on a comparative analysis of previous spectral data of para -substituted
benzaldehydes [6], DEFT spectroscopy and gHMQC spectroscopy.
The 13 C-spectral assignments of the methyl groups located in the structure of the para
-substituent group can be assigned by simple direct inspection of the typical spectral region
of their 13 C-NMR signals 3, However, in the aromatic carbon spectral signal assignments
we have used previous spectral data and related articles6. The 13 C-spectral assignment
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of the other parts of the compound 3 is done based on its DEPT spectra and comparison
with the known compounds spectrum. (Table 4.7)
Table 4.6. 13 C-NMR Spectral band assignment of compounds NI, N2, N3 (ppm)
Cl
C25
C2
C3
C4
C5
C6
C7
C9
C10
Nl
138.968
135.099
122.63
131.169
115.412
162.243
115.412
131.169
67.129
24.444
N2
140.278
136.625
124.389
132.658
116.518
163.796
116.518
132.658
68.504
25.785
N3
138.948
135.181
122.694
131.183
115.131
162.348
115.131
131.183
67.519
25.209
Cll 30.619 31.422 32.83
Table 4.7. DEPT spectral chemical shifts of the concerning atoms in compound N3 (ppm)
All Carbons
CH3 Carbons
CH2 Carbons
CH carbons
C5
162.348
Cl
138.948
138.948
C25
135.181
135.181
C3
131.183
131.183
C7
131.183
131.183
C2
122.694
C4
115.131
115.131
C6
115.131
115.131
C9
67.519
67.519
Cll
32.83
32.83
C10
25.209
25.209
P!?tO.nated 138.948 135.181 131.183 131.183 115.131 115.131 67.519 32.83 25.209Carbons
To examine the charge transfer in head part of these three compounds (the part which is
common between them), we have calculated the electron charge densities in the AMI
molecular orbital approach. From these calculations, it is found that there is not any
significant difference between the calculated charges of the particular atoms in these three
compounds. (Table 4.8)
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Table 4.8. Electron charge densities of atoms in compounds Nl, N2, N3
Cl
C25
C2
C3
C4
C5
C6
C7
C9
C10
Nl
-0.001
-0.228
-0.123
-0.062
-0.165
0.115
-0.215
-0.053
-0.024
-0.162
N2
-0.002
-0.227
-0.122
-0.062
-0.164
0.114
-0.215
-0.054
-0.024
-0.163
N3
-0.003
-0.226
-0.121
-0.062
-0.164
0.113
-0.214
-0.054
-0.024
-0.163
CU -0.155 -0.154 -0.184
It is known that the signals of 13 C NMR spectra undergo a dia- or para-magnetic shift due
to charge transfer from the intermolecular charge transfer. Even there is some reports that
in the case of charge transfer a diamagnetic shift for the acceptor and dia or para-magnetic
shift for the donors happens. These phenomena are thought to be the result of competing
anisotropy and charge-migration effects2. Charge migration during self assembly, which
indicates the main role of that part of molecule, can be probed by means of 13C-NMR
spectroscopy.
Figure 4.4. shows the difference between chemical shift of each atom in Nl and N2 in
methanol. It is shown that almost there is no difference between the chemical shifts of each
atom in two compounds.
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C1 C25 C2 C3 C4 CS Cfl CT C9 C10 C11
Fig.4.4. Difference in chemical shift of each atom in Nl and N2
With the same approach the difference between the chemical shift of each atom of N2 in
methanol and N3 in chloroform/methanol (50/50) is plotted in figure 45. Apart from
atom Cll which is in the end part of N2 and in a different position in N2 and N3, the main
differences are shown between the atoms in olefinic bridge and the atoms in the aromatic
ring and the less difference between the chemical shift of all atoms is shown in atom C10.
0.1
D.t-
C1 C25 C2 « C4 C5 C6 CT C9 C10 C11 C1 CJ5 C2 CJ C4 C5 C8 C7 « C10 C11
Fig.4.5. Difference in chemical shift of each atom in N2and N3 at 30 °C (a) and 50°C (b)..
Comparing the differences in different temperatures indicates that atoms C25, C2, C4, and C6
show more change in chemical shift with temperature which can be interpreted as their more role in
intermolecular charge transfer with temperature. (Fig.4.6.)
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C1 C25 C2 C3 C4 CS C6 C7 C9 C10 C11
Fig.4.6. Difference in chemical shift of each atom in N2and N3 at 30 °C and 50 °C.
Comparing the chemical shift of each atom in different temperatures shows that there is not
any main difference between the behavior of chemical shifts in Nl and N2, but the
chemical shifts in N3 is different from the N2 and Nl.in N3 atoms C3 and C7 are less
participating in charge transfer and Cl, C25, C2, C4, C6 and C9 are more participating in
charge transfer comparing to N1 and N2.
♦- Nl ChhMtOH |JO:S0|
■*• N> MtOH
■•■ - N1 MtOH
ci C2> ci cj c4 cs c« cr cs cio cii
Fig.4.7. Difference in chemical shift with temperature in compounds N1,N2 and N3
4.1.3.4. Conclusion
Considering the relationship between the chemical shift in NMR spectroscopy and the
charge transfer and also considering ability of nitrostyrene in inter-molecular charge
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transfer during the self-assembly we report the role of nitrostyrene in self assembly of the
N3. No significant difference between the chemical shifts of each atom in Nl and N2, and
significant changes between N2 and N3 is compatible with the ability of the N3 in self
assembly. N3 has different moiety which can be the source of intermolecular interaction
and self assembly in organic solvents. Among them the role of carbonyl groups are
well-known and from these data, for nitrostyrene moiety a role in self-assembly can be
considered too.
Although all atoms in nitrostyrene moiety have a role in intermolecular charge transfer but
the role of C25 and C2 are more significant. There is a report that the chemical shifts of
those atoms showed a linear functional dependence with the charge densities.
With changing the temperature this role becomes more prominent in C25, C2, C4 and C6
which along with the other findings propose the role of charge transfer due to pi-pi
interaction in the olefinic bridge (CH=CH) and the aromatic ring (Ph) carbon centers.
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4.2. Characterization by variant temperature 1H-NMR
Test results show that a pure product is synthesised. More descriptive study is done by
NMR spectroscopy to determine the properties of synthesised molecule.
The J-coupling between the two protons of alken moiety of nitrostyren is 13.6 Hz (higher
than 12), a fact that indicates its being as Trans geometeric stereoisomer.
Assignment ofNMR peaks of the end product was performed according to both NMR
spectrum of simpler substrates synthesized step by step and assistance of 2D proton-proton
correlation spectroscopy (DQF-COSY). Temperature dependency of Half Height width of
NMR peaks relevant to different parts of the molecule is provided in table 4.9.
This temperature dependency of Half Height Width ofNMR peaks of relevant parts of
molecule together with a small chemical shift difference between two protons of same
methylen group in some parts of the molecule are informative on differentiating the rigid
parts of the molecule from parts of higher mobility. It is evident that the increase of
temperature increases mobility of tail part more than that of head and spacer part, a finding
that supports the theory of molecular self assembly through head to head interaction.Half
height width ofTMS and CDCI3 are included to assure that changes in Half Height Widths
are mainly affected by temperature not shim adjustment of the instrument.
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Table 4.9. Temperature dependencies of Half Height width of relevant NMR peaks of
different segments of the newly synthesized molecule.
temp
25 °C
30 °C
35 °C
40 °C
45 °C
TMS
0.75 Hz
0.65 Hz
0.59 Hz
0.52 Hz
0.61 Hz
Terminal
methyl
groups
2.17 Hz
1.78 Hz
1.61 Hz
1.48 Hz
1.41 Hz
Methylene
groups
7.07 Hz
6.44 Hz
6.28 Hz
6.02 Hz
5.82 Hz
Spacer,
2.37
ppm
2.45 Hz
2.44 Hz
2.49 Hz
2.32 Hz
2.30 Hz
Middle
part of
the
molecule
,2.43
ppm
2.76 Hz
4.67 Hz
4.60 Hz
3.87 Hz
3.18 Hz
Benzene
ring,
6.94
ppm
1.53 Hz
1.44 Hz
1.32 Hz
1.26 Hz
1.32 Hz
Alken
part,
7.94
ppm
1.14 Hz
1.50 Hz
1.49 Hz
1.48 Hz
1.50 Hz
CDC13
0.73 Hz
0.67 Hz
0.60 Hz
0.55 Hz
0.65 Hz
Although assignment of some NMR peaks of end product was possible using the NMR
spectra of simpler preceding structures there was considerable confusion in some areas that
made us run DQF-COSY test. In DQF-COSY as it is shown in fig. 3.11 peaks that are not
J-coupled are naturally suppressed as we can see that chloroform and TMS peaks are
almost disappeared from diagonal peaks. As we can see in fig. 3.11 cross-peaks can
effectively solve confusions about assigning peaks. For example in fig. 3.10 two closely
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located peaks with similar pattern of (1:2:1) at 2.36 and 2.42 ppm that are difficult to be
assigned. On the other hand there is an strange pattern of strongly coupled peaks at 3.50
and 3.56 ppm that is correlated with 2.42 ppm therefore the peak at 2.42 ppm belongs to
proton number 10 as assigned in Fig 3.1. In the same way all other peaks were precisely
assigned. Strongly coupled pattern indicates area of a relative rigidity in a molecule where
two protons located on the same methylene group express a little different chemical shifts
because of being magnetically non-equivalent. Therefore methylene groups numbered 7,8,
and 11 show less mobility, a fact that can be regarded indicative of overall area of
molecule-molecule interaction. Chemical shifts of 2C12-beta Ala remained almost
unchanged after addition of head part containing a benzene ring. NOESY also didn't show
any significant cross peaks between head part and the L-Glutamin-derived lipid, so the
head part didn't show a significant inclination toward the body of the .molecule to affect
it's self-assembly.
4.3. Stationary phasesfrom highly-ordered L-glutatnide derived lipid
The lipid telomers were immobilized onto silica by covalent linkages. The final
product was yielded with a carbon 8.3% based on elemental analysis. The surface
coverage was calculated from the carbon percentage (C%) of Sil-APS to be 10.02 jumol
m"2.
The suspension of Sil-pLGN in methanol showed no phase transition in thermal
analysis using differential scanning calorimetry (DSC). We have reported in previous work
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that significant phase transition of poly(octadecyl acrylate) was observed even after a
terminal group was grafted onto the silica surface (Sil-ODAn). This is due to small
perturbation on the silica surface because only one side of the polymer main chain is
chemically bonded, allowing the polymer side chain to remain flexible. For Sil-pLGN
probably lipid molecule amount was too little to show a phase transition.
4.4. Surface coverage and alkyl chain densities
Surface coverage and alkyl chain densities of different stationary phases were
calculated by using the equations given below;.4
The molar amount of organic phase per 1 g silica (M) can be calculated as:
M (|Limol g1) = 106(Pc/100)/12n (1)
where Pc is the percentage of carbon element according to elemental analysis, and n is the
number of carbons present in each unit of the grafted organic phases.
The weight percentage of the grafted phase (Pw) in each case can be calculated as:
Pw = mxl0-4M(n/n1) (2)
m is the molecular mass and nj is the number of carbon in each molecule of the organic
phases grafted onto silica surface.
Furthermore the surface coverage (N) can be calculated as:
N (jimolrn2) = M/{S [(100-Pw)/100]} = 106Pc/[12nS(100-Pw)] (3)
where S is surface area of 1 .OOg non-modified silica.
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The methylen group coverage can be calculated as:
D (fumol in2) = N x f (4)
Where the factor (f) indicate the number of methylen groups present in the grafted
molecule. For ODS it is considered as 18, for Sil-ODAn f = degree of polymerizationC18
(in this case f= 25C18) and for L-glutamide derived dialkyl (didodecyl) stationary phase f
= 2C12.
Furthermore the methylen group density can be calculated as:
R (nmol g") = M x f (5)
4.5. Comparative Suspension-state *HNMR measurements ofthe stationary phases
Although molecular mobility is usually probed by measurement of Ti relaxation time, it is
not the case for methylene groups of grafted acyl chains because each.methylen group has
a different mobility and hence a different Ti relaxation time depending on the distance
from the junction between organic molecule and non-organic particle. Therefore we
devised a very simple method that can semi-quantitatively determine the extent of mobility
in the grafted acyl chains. Silica-supported Poly(octadecylacrylate) (Sil-ODAn), polymeric
octadecylsilyl silica (polymeric ODS), and monomeric octadecylsilyl silica (monomeric
ODS) and Sil-pLGN were studied by comparing intensity of NMR peaks from grafted
molecules with the same amount of non-grafted molecules.
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4.5.1. Suspension-state 'H-NMR
We made four suspensions adding 10 mg of each one of Sil-PLGN, SU-ODA25, polymeric
ODS, and monomeric ODS, to 100 ul methanol-d (CD3OD) including 0.03
tetramethylsilane (TMS) and 0.05% hexamethyldisilane (HMS). Hexamethyldisilane was
added to work as a reference of signal intensity but protons of CD3OD proved better for
this purpose. All samples were prepared at the same time using one single ampoule of
CD3OD. 40 [i\ of each suspension was transferred to nanotube for mesurement.
Suspension-state 'H-NMR spectra were measured at temperatures: 20, 25, 30, 35, 40, 45
and 50 CC using GHX Varian AS400 nanoprobe. The parameters used for measurement
were delay time = 10 s, pulse width = 90°, number of transient = 32, and spectral width =
6000 Hz. For assigning peaks, after determination of pulse width of 90° DQCQSY
(correlation spectroscopy) was performed and the chemical shifts of the terminal methyl
and methylene of octadecyl groups were determined. Shimming were adjusted for each
temperature using a standard semi-automatic method. Delay time was chosen long enough
to avoid saturation in order to have reliable NMR intensities for quantitative
measurements. Base line correction was performed on all spectra before measuring
under-peak areas.
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4.5.2. Referencing with Solution-state 1H-NMR
We made a solution of 1 mg octadecyl acrylate in 100 \x\ hot methanol-d. 40 yd of the
solution was transferred to a nanotube for mesurement. The amount of 1 mg was chosen in
a way that it represented approximate amount of alkyl chains as their correspondent grafted
samples in suspension-state 'H-NMR because the NMR intensity of methylene groups in
non-grafted solution-state was meant to be compared with grafted suspension-state. NMR
measurement was performed in 50 °C. The same parameters of suspension-state ' H-NMR
was used for this measurement.
4.6. Evaluation ofmobility ofthe grafted organic phase
Although molecular mobility is usually probed by measurement of T| relaxation time, this
was not the case for our study as NMR peaks of several methylene groups with different
mobility (and hence different T| relaxation times) were superimposed having equal
chemical shifts. There are three methods for measurement of Tj: inversion recovery,
progressive saturation, and saturation recovery. Here we provide a detailed discussion
about how the peculiarity of relaxation in grafted alkyl chains makes the
inversion-recovery method unreliable. Our reasoning, as you will see, underminds the very
assumption that the relaxation of grafted alkyl chains have an averaged relaxation time
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constant. Hence reliability of other methods will be spontaneously ruled out as all three
methods are based on that assumption.
In a common inversion-recovery experiment, the magnetization vector is inverted with a
180° pulse, then the magnetization vector (Mz) begin to relax exponentially during a given
period oftime:
Mz=M0(l-2e-t/Tl) (6)
Finally a monitoring 90° pulse is used to measure the correspondent peak height. The peak
height (H) as a function of the given delaying time is supposed to behave exponentially
with the same exponential time as Tj.
H=Hmax(l-2e-t/T1) (7)
In the process of measuring Ti a software solves the above equation by matching the array
of measurements to the most fitting exponential curve. But if an actual NMR peak is the
result of several NMR peaks, each with its distinct exponential time (like that of methylene
groups in case of grafted alkyl chains) the equation of peak heigh will be:
H=H.+ Hb+Hc+- + HB (8)
H= Hn^O^e-™3) + Hmax.b (l^e"1™) + Hmax.c(l-2e-mc) + -+Hmax.n(l-2e-tmn)
The important point is that the sum of two or several exponential functions does
not remain exponential. Therefore the NMR peak height of methylene groups as a function
of delaying time, in case of grafted polymers, no longer behaves exponentially. In other
words the relaxation function cannot be expressed by an averaged Ti.
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+ Hmax.c(l-2e"t/ric) +- * H^O^e "riave) (9)
Therefore we turned to a rather new but very simple approach that is determining
percentage of octadecyl moieties with liquid type mobility in each case. The form of
motionally averaged Hamiltonian depends very strongly on the type and the time scale of
molecular motion, and hence on the phase of matter. (16) In suspension-state NMR only
those molecules or parts of molecules with very fast rotational motions are detectable.
Motion most be in a so fast range that it can average out dipolar coupling and chemical
shift anisotropy until related NMR peaks become narrow enough to be detected. Those
molecules or those parts of molecule that their mobility scales are low will give such a
broad peak (because of dipolar coupling and chemical shift anisotropy contribution) that
they cannot be detected.
The suspension-state 'H-NMR spectra were obtained for SH-ODA25, polymeric ODS, and
monomeric ODS, at variable temperatures from 20 °C to 50 °C. Neither half-height width
(line width) of methylene groups nor spin-spin relaxation time (T2) showed any significant
change with temperature. Fig. 4.9 shows JH-NMR spectra of the ODS and sil-pLGN
samples at 20 °C and 50 °C. We can see in fig. 4.9 that intensity of NMR peaks
representing terminal methyl and methylene groups of octadecyl moieties increases
significantly in SH-ODA25. In case of transition from liquid crystalline phase to isotropic
phase a fixed intensity but a declining line width (or an increasing T2) was expected.
96
In case of monomeric ODS intensity of NMR peaks representing terminal methyl and
methylene groups increased slightly. But in case of sil-pLGN the peak of methylene groups
behaved like something between the two.
As all samples were washed carefully with toluene and chloroform, the small sharp peaks
detected in 'H-NMR spectra should be regarded as of physisorbed by-products of grafting
reactions. Interestingly the amount of physisorbed by-products in case of SU-ODA25 was
higher than that of monomeric ODS, a fact that indicates presence of more closed spaces in
the nano-architecture of Sil-ODA25. Intensity of NMR signals from methylene groups of
SU-ODA25 increase distinctly around an endothermic peak of DSC. Peak-top temperature
was measured to be 38.4 °C for Sil-ODA25 in presence of methanol. Intensities in
suspension-state NMR, to be comparable with solution-state and between different samples
and different temperatures, were weighted according to this formula (justification will.be
discussed in the following):
Isusp = (UId) / ( 4*1(T3R) = 250 [ IJ (ID*R) ] (10)
"Isusp" (u-mol"1) is the calculated normalized intensity (relative intensity of suspension-state
1H-NMR signal per 1 \imo\ of grafted octadecyl moieties), Im is under-peak area of
methylene peak, Id is intensity of few protons belonging to methanol-d, and R (methylen
group density) is the molar amount of methylen moiety per lg of modified silica.
The intensity of signals can be affected by time to time instrumental conditions namely
tuning of the observation channel. Considering the fact that instrumental conditions affect
97
intensities of Im and Id equally and using one single ampoule of methanol-d for all
measurements, the value of WId can be assumed independent from instrumental
conditions. At this stage the value of WId is representing all octadecyl moieties with liquid
type mobility. Finally dividing this value to 4*10~3R will give us a normalized value for
comparison between different experiments. R is the amount of grafted octadecyl moieties
per 1 g of modified silica and 4*10"3 is included because NMR signal of only 4 mg of the
modified silica was measured in each suspension-state 'H-NMR spectroscopy.
On the other hand normalized NMR intensities of octadecyl chains in solution-state, Isoi
((jimol"1), to be comparable with suspension-state, was calculated according to this formula:
Isoi = (Im/lD)/[(0.4*10-3/M)*106] = (Im*M)/(400* ID) (11)
Again the value of WId can be assumed independent from instrumental conditions. At this
stage the value of Im/lD is representing all octadecyl moieties. Finally dividing this value to
0.4*103M will give us a normalized value for comparison between different experiments.
M is molecular weight of each monomer and 0.4* 103 is included because NMR signal of
only 0.4 mg of each monomere was measured in each solution-state H-NMR
spectroscopy. 106 is included because Isoi is meant to be normalized NMR intensity per 1
[xmol of each monomer.
4.6.1. Determination ofLiquid Phase Percentage (LPP)
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Comparing the standardized NMR intensity of methylene groups per 1 [imol of grafted
odtadecyl chains (ISUsp) and the standardized NMR intensity of methylene groups per
ljxmol of non-grafted octadecyl chains (Isoi), we can determine the percentage of octadecyl
chains with liquid scale mobility, Liquid Phase Percentage (LPP), in each temperature
(Table 4.10) according to this simple formula:
LPP = (Isusp/Isol)* 100 (12)
Temperature dependency of LPP is shown in Fig. 4.8.
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Figure 4.8. Temperature dependency of LPP in sil-ODA25, ODS, and sil-pLGN
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Table 4.10.
Summarised characterization of Sil-ODA25, Monomeric ODS, and Polymeric ODS
Stationary
phase
Sil-ODA25
SH-ODA25
Monomeric
ODS
Monomeric
ODS
Sil-pLGN
Sil-pLGN
Temperature
20 °C
50 r
20 r
50 r
20 °C
50 °C
Isusp
0.37
6.28
3.34
3.88
2.70
2.78
Isol
7.84
7.84
7.84
7.84
7.84
7.84
LPP
4.76
80.04
42.07
49.43
1.14
1.23
In case of Sil-ODAn, with a gradual increase in temperature, intensity of proton signals
(lH-NMR) of octadecyl moieties (mainly methylene groups) rose dramatically. This
dramatic rise was at the same temperature of an endothermic peak detectable in its DSC
thermogram indicating a relatively complete solid to liquid phase transition. In Sil-ODAn,
as stationary phase in RP-HPLC, showed analogous temperature dependencies of the
separation factor between naphthacene and triphenylene (as a simple indicator of shape
selectivity). Using this method we determined LPP (liquid phase percentage) in Sil-ODAn,
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polymeric ODS, and Monomeric ODS at various temperatures. We suggest LPP as a
semi-quantitative index of mobility for grafted organic layers.
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Figure 4.9. Suspension-state NMR of sil-ODA25 versus monomeric ODS
4.7. Summary
From the detailed characterization tests we have found that the newly developed
stationary phases Sil-PLGN have lower surface coverage than polymeric ODS and
Sil-ODA25. The detailed spectroscopic analysis showed that the mobility of alkyl chain is
strongly restricted and the lipid molecules remain non-crystalline and solid forms after
immobilization on to silica particles.
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Chapter 5
Molecular Recognition with pLGN
5.7. HPLC system
Chromatographic measurements were carried out using methanol-water mobile phase
at a flow rate of 0.5 mL min"1. The chromatographic system included a Jasco PU-980
Intelligent pump PU pump (Tokyo, Japan) using a Rheodyne injection valve. A Jasco
MD-2010 Plus multi wave length UV detector (Tokyo, Japan) was used for detection
containing a Jasco Borwin data processor. In addition a JASCO FP-2020 fluorescence
detector (Jasco, Co., Tokyo, Japan) and a JASCO CD-2095 chiral detector where used
where appropriate. Column temperature was controlled by column jacket using circulator
for cooling and heating system. The retention factor (k) was determined by the equation
(te-to)/to, where to and te are the retention time of samples and void volume mark,
respectively. The separation factor (a) is defined as the ratio of the retention factor of two
solutes. The retention time of D2O at 400nm was used as the void volume mark.
Columns: Sil-pLGN and monomeric ODS (Inertsil ODS, GL sciences, Tokyo, Japan).
5.2. Determination ofretention mode ofthe new stationary phases
5.2.1. Retention behaviors ofPAHs and alky/benzenes on Sil-PLGN
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Polycyclic aromatic carbon and alkylbenzenes were chosen as samples to investigate
the hydrophobicity (the number of carbon atoms) of Sil-pLGN. It is known that
conventional ODS or other alkyl stationary phases in HPLC can recognize the
hydrophobicity of elutes and this hydrophobicity is measured by the methylene activity of
the stationary phases. This reflects the possibility of the phase to separate two molecules
which differ only in methylene groups, e.g. amylbenzene and butylbenzene or
ethylbenzene and toluene. The retention mode as well as the extent ofhydrophobic
interaction between the elutes and the packing materials in HPLC can be determined by
retention studies of alkylbenzenes as elutes. [1-4] other tests use the retention factors of
chrysene, [5] toluene, [6] or naphthacene.[7]
The resultant retention factor (k) and separation factor (a )are summarized in Table 5-1
Benzene
Naphthalene
Anthracene
Naphthacene
Toluene
n-Ethylbenzene
n-Butylbenzene
n-Hexylbenzene
n-Octylbenzen
n-Decylbenzene
n-Dodecylbenzene
1 UI1U JbpUl 1
K
0.397
0.895
2.251
7.091
0.527
0.673
1.179
2.128
3.908
7.401
14.842
Sil-PLGN
1
2.25440806
5.67002519
17.861461
1
1.27703985
2.23719165
4.03795066
7.41528026
14.0434049
28.1637067
\Jill UJIU V^J-S
k
1.3
2.59
5.89
14.37
1.99
2.77
5.98
13.8
31.67
72.8
1.99
ODS
1
0.68846154
1.73153846
5.45461538
1
1.3919598
3.00502513
6.93467337
15.9145729
36.5829146
1
Mobile phase: methanol/waler 70/30, Flow rate: 0.5 ml/min, Temprature 30C.
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As shown in Table 5.1, when the samples were benzene, naphthalene, anthracene and
naphthacene. k is increased with an increase in the number of aromatic rings and no
difference was confirmed in the retention order. However, it is clear that the selectivities
were much higher in Sil-PLGN than those in ODS.
Figure 5.1 shows the relationship between log k and log P on Sil-pLGN and ODS
phases for a series of alkyl benzene samples and Figure 5.2 for PAHs. It is observed that
the retention of alkyl benzenes increases with increasing hydrophobicity for Sil-pLGN
likewise conventional reversed phase materials.
The retention factor ( k) of PAHs and alkylbenzenes was measured at 30 °C using
methanol-water (70 : 30) as the mobile phase. The log P values are not the actual
water/octanol partition coefficient values. These values were determined from the
calibration curve of log k vs. log P (octanol/water) for alkylbenzenes (methyl-, ethyl-,
butyl-, hexyl-, octyl- and decylbenzene). The lvalues of alkylbenzenes were measured on
ODS (Intertsil ODS, 4.61.D. x 300 mm, GL Science Co., Ltd. ): log P = 3.2622 + 4.208
log k. [8] For comparing the retention behaviors of PAHs and alkylbenzenes the same log
P were put in all the log k vs. log P plots.
The log k values for PAHs measured on Sil-pLGN increase with the number of carbon
atoms higher than those of alkylbenzenes while log k values of alkylbenzenes are almost
the same. The effect of the number of carbon atoms in retaining on ODS is more
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distinctive than Sil- pLGN. The elution order of these PAHs and alkylbenzenes was also
exactly the same with that on ODS .
These results indicate that PLGN can interact with the samples through n-x interaction
rather than through molecular hydrophobicity.
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Figure 5.1. Log P and Log k plot for alkylbenzenes on Sil-pLGN# and ODS ■-
Mobile phase: methanol-water: 70/30, column temp. 25°C, flow rate: 0.5mL/min
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Figure 5.2. Log P and Log k plot for PAHs on Sil-pLGN# and ODS ■•
Mobile phase: methanol-water: 70/30, column temp. 30°C, flow rate: 0.5mL/min
Observations
The above results suggested that highly-ordered dioctadecyl glutamide derived lipid
grafted silica followed reversed phase mode and the retention of PAHs are enhanced by
some other electrostatic interactions other than hydrophobicity.
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5.2.2. Retention behaviors ofgeometrical isomers on Sil-pLGN
o-Terphenyl, m-terphenyl and p-terphenyl as geometrical isomers were chosen as
samples to investigate recognition of molecular shape of Sil-pLGN. These isomers have
small differences in molecular hydrophobicity (log P: 4.47 ( o-terphenyl), 5.04
( m-terphenyl) and 5.15 (/?-terphenyl)), and no difference in the number of Jt-electrons.
o-, m- and p-terphenyls are not planar but rather twisted. Twisting angles of side-benzene
rings from molecular plane of central-benzene rings[91 were calculated to be 37°C, 50°C
and 56°C, respectively.
The resultant retention factor ( k) and separation factor ( a) were summarized in
Table 5.2. As shown in Table 5.2, Sil-pLGN provided higher separation factor (1.75 for
both m-terphenyl/o-terphenyl and /7-terphenyl/o-terphenyl) than ODS phase (1.45 for both
m-terphenyl/o-terphenyl and p-terphenyl/o-terphenyl). As mentioned above, pLGN
interacts with Jt-electron-containing substances and it is somehow sensitive for molecular
hydrophobicity, but these facts cannot explain the good geometrical selectivities because
the isomers have no difference in the number of k -electrons. It seems that Sil-pLGN rather
recognizes molecular shape.
Table 5.2. Retention factor and separation factors of Sil-PLGN and ODS.
Sil-PLGN ODS
o-terphenyl
m-terphenyl
p-terphenyl
triphenylene
k
2.37
4.159
4.166
5.811
a
1.75
1.75
2.45
k
3.07
4.45
4.45
4.57
a
1.45
1.45
1.49
Mobile phase: methanol/water 70/30, Flow rate: 0.5 ml/min, Temprature 30°C.
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c/s-Stilbene and tamy-stilbene were also chosen as samples to investigate recognition
of molecular shape of Sil-pLGN. Stilbene has two isomers which are cis- and trans-fom\s.
Therefore, these isomers have the same number of rc-electrons but big difference in
molecular planarity. The resultant retention factor ( k) and separation (a) were
summarize in Table 5-3. Sil-PLGN provided higher separation factor ( a = 1.34) than on
ODS phase (a= 1.07).
Table 5.3. Retention factor and separation factors of Sil-PLGN and ODS.
Sil-PLGN ODS
a k ct
Cis-stilbene 1.54 2.08
Trans-stilbene 2.07 L34 2I22 1.07
Mobile phase: methanol/water 70/30, Flow rate: 0.5 ml/min, Temprature 30°C.
Therefore,carbonyl groups of Sil-pLGN probably acts as an electron acceptor and
enhance the retention of jt-electrons rich solutes like aromatics or geometric isomers
through k-k interaction. If carbonyl-jr interaction includes a charge transfer interaction,
energy level of HOMO ( highest occupied molecular orbital ) would be a useful parameter
to estimate this interaction. According to the calculation of the energy level of HOMO,
rra/w-isomers (-8.63 eV ) is more electron donating than cw-stilbene (-9.06 eV ). Thus it
is assumed that the selectivity of geometric isomers and aromatic compounds is not only
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controlled by the partitioning driving force but also through 31-31 interaction.
5.2.3. Recognition ofSil-PLGN towards molecular planarity
Triphenylene and o-terphenyl were also chosen as samples to investigate recognition
of the molecule shape ( planar molecule and nonplanar molecule ) of Sil-PLGN. These
samples have the same numbers of carbon atoms but the big differences in molecular
planarity and aromaticity. And both molecules have a silimar molecular weight ( 228.29
for triphenylene and 230.31 for o-terphenyl) and hydrophobicity, but triphenylene is rigid
planar structure while o-terphenyl is twisted.
The resultant retention factor (k) and separation factor ( a) were summarized in
Table 5.4.
Table 5.4. Retention factor and separation factors of Sil-PLGN and ODS.
Sil-PLGN ODS
k a k a •
o-terphenyl 2.37 3.07
triphenylene 5.81 2:45 457 L48
Mobile phase: methanol/water 70/30, Flow rate: 0.5 ml/min, Temprature 30°C.
It is clear that the highest retention factor was observed in triphenylene which was
almost a planar molecule. And the selectivities were higher in Sil-PLGN than that in ODS.
Similar observations were obtained in the separation of the o-terphenyl and triphenylene
with stilbenes. These results strongly suggest that grafted pLGN groups work as essential
interaction groups for generation of selective retention.
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It is clearly observed that our newly developed HPLC packing materials derived from
L-glutamide yielded higher molecular planarity recognition than ODS.
5.2.4. Retention behaviors offour-membered ring molecules on Sil-PLGN
(Molecular Slenderness/Linearity)
The larger selectivity in Sil-pLGN was obtained even for the aromatic compounds
with a composition of CIRHI2. In order to evaluate the molecular slenderness or molecular
length selectivity we have consider four PAHs isomers of four rings such as triphenylene
(carbon number =18, MW = 228, L/B=1.119, number of Jt-electron = 21),
benz[tf]anthracene (carbon number =18, MW = 228, L/B =1.599, number of Jt-electron =
21) chrysene (carbon number =18, MW = 228, L/B =1.734, number of jt-electron = 21)
and naphthacene (carbon number =18, MW = 228, L/B =1.869,number of Ji-electron = 21).
The elution order of these aromatic compounds is identical with log P value (5.25.
(triphenylene), 5.36 ( chrysene ), 5.38 ( benz[a]anthracene ) and 5.68 ( naphthacene)).
The resultant retention factor ( k) and separation factor ( a) were summarized in
Table 5.5.
Table 5.5. Retention factor and separation factors of Sil-PLGN and ODS.
Sil-PLGN OPS
Triphenylene
Chrysene
Benz(a)anthracene
Naphthacene
k
5.811
5.905
5.805
7.091
a
0 98
1.22
K
2.30
122 2'452.48
2.91
a
1.01 1.27
1.17
Mobile phase: methanol/water 70/30, Flow rate: 0.5 ml/min, Temprature 30°C.
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This indicates that ODS was able to recognise the hydrophobicity in each
compounds. On the other hand, Sil-pLGN showed some selectivity for the structural
isomers because all isomers had the same number of jc-electrons.
On the basis of these results, we conclude that Sil-pLGN recognizes not only the
number of p-electrons but also the molecular planarity. In addition it is sensititive to
molecular hydrophobicity. We are herewith proposing multiple interaction mechanisms
between carbonyl-Jt and benzene-jt.
Figure 5.3 shows schematic illustrations for Sil-pLGN . A carbonyl group is polarized
to be 8+ and 8-, respectively. This will enable hydrogen bonding of the 5- aroms with OH
groups on silanol groups. On the other hand, the 8+-C atoms can interact with electron-rich
aromotic rings. Multiple interaction must be an advantage in recognition of isomers,
especially it is effective in case of planer -to- planer and rigid -to- rigid.. The planarity is.... ,
better in p-terphenyl and fraws-stilbene than o-terphenyl and c/s-stilbene, respectively.
Also, the multiple interaction is probably more effectively with linear compounds such as
naphthacene than in bending compounds such as crysene because the interaction ability
would be dominated by the contact area between host-guest molecules.
The retention and separation factors of these four rings compounds are given in Table 5.5.
5.2.5 Shape parameter ( LIB ) and retention behaviors ofPAHs on SiUpLGN
In general, the retention values of PAHs in reversed phase LC for conventional ODS phase
have high correlation with the F number proposed by Schaborn et a/. [10] and L/B ratio
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proposed by Sander et al.[\ 1] as the retention increases with F number as well as with L/B
ratio. The L/B ratio is a shape-descriptive parameter that has been used in numerous
studies of PAH retention in both liquid and gas chromatography.[12-13] This Structure
Index represents the most comprehensive compilation of L/B values published. L/B values
were calculated using algorithms based on the approach of Wise et al. [14] A
representation of this approach is illustrated in Figures 5.4 (a) and (b). The molecular
structure of each compound was generated using PC-Model and MMX molecular
modeling programs (Serena Software, Bloomington. IN).
f minimum dimension
I along z axis
length
maximum dimension
along xaxte
(a) (b)
Figure 5.4. (a) Depiction of Length-to-Breadth ratio for planar PAHs. (b) Depiction
of Length-to-Breadth ratio algorithm for nonplanar molecules.
For planar PAHs, L/B can be determined from a two dimensional representation of the
molecule. The structure is rotated and various "trial" values for L/B are calculated until a
maximum value for L/B is determined. Because different values for L/B will result for
nonplanar molecules depending on the initial orientation, a procedure was developed to
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provide unambiguous orientation. The algorithm begins with an arbitrary molecular
orientation. The molecule is sequentially rotated about x, y, and z axes and xy, yz, and xz
projections are determined with each rotation. An orientation is set such that when a box is
drawn about the molecule to enclose the van der Waals surface, the minimum dimension is
aligned with the z axis and the maximum dimension, with the x axis. L/B is then calculated
from the xy projection as if the molecule were planar. L/B values for planar PAHs
determined using this algorithm is identical to L/B values generated using the more
simplistic planar iterative program. The dimensions of the bounding box (A) are listed in
small type below the values for L/B (dimensions x, y, and z, respectively). A measure of
solute thickness is provided by the "z" box dimension. For compounds that contain only
aromatic carbons, values greater than -3.9 A are indicative of nonplanarity.
The F number and L/B are both important and F is defined as
F= (number of double bonds) + (number of primary and secondary carbons) -0.5x
(number of non-aromatic rings)
The retention behaviors of solutes depend upon slenderness, i.e., length/breadth (L/B )
ratio. The L/B ratios of naphthacene, chrysene, benz (a)anthracene and triphenylene are
1.89, 1.72, 1.58 and 1.12, respectively. The log k values were found to increase with
increasing L/B ratios for isomeric PAHs when measured on Sil-pLGN ( Figure 5.5). The
most slender naphthacene showed larger selectivity. The LIB radio of disk-like
triphenylene are much smaller than naphthacene, it showed the smallest selectivity. We
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also observed that geometrical isomers o-terphenyl, w-terphenyl and p-terphenyl exhibited
the similar tendency. The retention factor values increase with LIB ratios of terphenyl
isomers. It appears that size is likely the factor that influences the retention for Sil-pLGN.
PAHs benzene, naphthalene, antracene and pyrene, however, exhibited the different
tendency. The smallest LIB ratio of pyrene ( 1.27 ) showed the largest retention factor
value. Therefore, size is not the only determining factor to show the retention factor. The
LIB values were obtained from reference [15].
Wise and Sander proposed an empirical model called the "slot model" to explain the
retention by a hypothetical phase consisting of a number of aligned narrow slots into which
solute molecules penetrate. The block-like PAHs penetrate into the slots, and both for
entropically and energetically molecules would prefer to align themselves with the
stationary phase. Garrigues et al. calculated the angle of distortion and attempted first to . .
quantify a parameter associated with the non-planarity of solutes to correlate the
chromatographic behavior. Wise and Sander reported the anomalous behavior of methyl-
substituted PAHs on an ODS column. The non-planarity of methyl-substituted PAHs
resulted in such kind of anomalous behavior. It was explained in terms of "slot-model".
Planar molecules penetrate into the slots to a greater extend than the non-planar molecules,
and exhibit an increased retention. The non-planar solutes are partially excluded from the
narrow slots. Similarly, slender molecules are able to fit into the slots more readily than
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disk-like molecules. The increase in retention for PAHs on Sil-pLGN with increasing LIB
ratio indicates that a slot-like structure is likely formed in Sil-PLGN.
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Table 5.6. Retention data (retention factor, k) for Sil-pLGN phase
PAHs li^c ¥c 30°c
~ Benzene 6711 oTTl oTTl
2. Naphthalene 0.36 0.32 0.28
3- Phenanthrane 1.11 0.97 0.84
4. Anthracene 1.46 1.28 1.10
5 Pyrene 2.02 1.85 1.68
6. Triphenylene 3.76 3.35 2.94
7. Benzo[a]Anthracene 5.06 4.49 3.91
8 Chrysene 6.35 5.6 4.82
9. Naphthacene 15.4 13.3 11.13
10. o-terphenyl 0.59 0.56 0.52
11. m-terphenyl 1.06 1.06 1.05
12. p-terphenyl 4.31 4.32 4.31
13. Os-stilbene 3.82 3.37 2.77
14. 7>a«5-stilbene 11.9 10.55 8.44
15. o-phenyltoluene 3.60 2.98 2.51
'6. w-phenyltoluene 4.95 4.01 3.30
17- /?-phenyltoluene 7.43 5.41 4.43
18. Benzo[e]pyrene - - 1.46
19. Benzo[a]pyrene - - 1.87
20. Perylene - - 1.77
21. 1,2:3,4 dibenzanthracene[a,c] - - 2.01
22. 1,2:5,6 dibenzanthracene[a,h] - - 3.75
23. Pentacene - - 26.6
24. Benzo[ghi]perylene - - 2.77
25. Coronene - - 5.70
Mobile phase: methanol-water: 70/30 for PAHs (13-17). Mobile phase: Flow rate: 0.5 mL/min.
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Chapter 6
Application
6.1. Double alkyl liphophilic L-glutamide derivative (LGN)
6.1.1. pharmacology and medicine
the concepts of self-assembly and supramolecular chemistry call for some completely
new researches dealing with therapeutic superstructures. In other words there is a vastly
under-researched area of superstructural Pharmaceuticals in which a specific noncovalent
complex of molecules is supposed to play a therapeutic role.[l]
As shown in Figure 6.1. the molecule is composed of L-glutamide moiety as a peptide
source, double long-chain alkyl groups as lipophilic parts (to help self assembly with
hydrophobic moieties of lipoproteins), a nitrostyrene derived group which is supposed to
exhibit anti-cancer activity, and a spacer derived from Beta-Alanin to decouple the
motion of the nitrostyrene moiety from the rest of the molecule.
It is reported that double chain alkylated L-glutamide moiety is a key unit to create
highly-oriented aggregates [2-5]. By changing the spacer, Lipid 1 can be expanded to a
class of self-assembling molecules of potential anti-cancer effect. Fig. 6.2) shows another
similar compound (lipid 2) where a phosphate-derived spacer is supposed to change the
solubility of the molecule.
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CNH— CH
0 CH2
Figure 6.1. Lipid 1 composed of L-glutamide moiety, double long-chain alkyl groups,
and a nitrostyrene derived Head.
? BP—O— (CK2)3—CNH— CH—CMi—(CH>>i3-CH3
O O Clfe
CH2-CKH~~(CH^rCH3
O
Figure 6.2. Lipid 2 composed of L-glutamide moiety, double long-chain alkyl groups,
and a nitrostyrene derived Head with a phosphate derived spacer to change the solubility.
The combination of nitrostyrene moiety and a double chain glutamic acid derived lipid
give the advantage ofmaking special super structures as new generation of drugs. They
can get taken up by macrophages and express their anti-telomerase activity in any cancer
cells there. Its known that finding antibodies that are unique to target only the tumor cells
is very hard because most of the receptors on tumor cells are also present on normal cells.
As unlimited proliferation potential which depends on telomere maintenance is one ofthe
properties considered hallmark of cancer cells, the presented superstructure which per se
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possess the anti-telomerase activity with antibody targeting is much more effective than
previous antibody targeting superstructures e.g. liposomes.
6.2. Stationary phasesfrom highly-ordered L-ghttamide derived lipid
6.2.1. Enhanced selectivityfor chiral compounds
Separation of the enantiomers comprising the racemate, i.e., the resolution of the
racemate, is a common problem in stereochemical research as well as in the preparation
of biologically active compounds, in particular, drugs. The problem is that in contrast to
diastereomers and all other types of isomeric species, enantiomers, in an achiral
environment, display identical physical and chemical properties.In other words
enantiomers have the same chemical and physical properties under all circumstances,
except in a chiral environment, such as: a single enantiomer of another compound, in a
living system's enzyme, in plane-polarized light.
Chiral separation has become increasingly important in pharmaceutical, biotechnological,
chemical, and agricultural sciences.
The majority of synthetic drugs developed in the past are not chiral, the ones developed
from natural products are largely chiral. Although the different enantiomers (chirals) have
the same chemical formula, they differ widely in their biological properties. This is
primarily due to the fact that since chirality is related to three dimensional structures, one
form may be more suitable for specific interaction with other biological molecules such
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as receptors, enzymes, etc.
Sil-PLGN is applicable for chiral separation . the primary application was carried out for
hexahelicene and (lS,2S)-(+)-diaminocyclohexane derivatives(ben) .With a mobile
phase of methanol/water :7/3, at -5 C, and flow rate of 0.5 ml min"1 the retention time
for (-) and (+) hexahelicene was 88.425 and 91.917 respectively. Also for (lS,2S)-(+)-
diaminocyclohexane derivatives(ben) with a mobile phase of methanol/water :7/3, at -40
C, and flow rate of 0.2 ml min'1 the retention times were 38.008 and 38.418 respectively.
6.2.2. Enhanced selectivityfor diastromers
It is well known that one enantiomer shows different biological activity from the other.
To determine an optical purity, a diastereomerizing method has been widely used,
and thus many diastereomerizing reagents have been developed. However, this method
has a serious problem in that it is very difficult, or even impossible, to discriminate
diastereomers having chiral centers separated by more than four bonds. In order to solve
this problem, Ohrui et al. developed chiral labeling reagents, 2-(2,3-anthracene
dicarboximide) cyclohexane carboxylic acid and 2-(2,3-anthracenedicarboximide)
cyclohexanol (AC). [6 -8 ]The use of these reagents made it possible to separate branched
fatty acids or alcohols having a branched methyl group by reversed phase HPLC with
ODS.[9-10] However, it was necessary to apply low column-temperature conditions
(around -40°C) for their separation because the mobility of octadecyl groups in ODS
and/or AC-derived diastereomer should be reduced.
Here we report that an enhancement of selectivity for 2-(2,3-anthracenedicarboximide)-
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cyclohexane-diastereomers can be achieved by using Sil-PLGN as a stationary phase in
reversed-phase HPLC at room temperature.
The chromatograph included a JASCO 980 PU pump and a JASCO FP-2020
fluorescence detector (Jasco, Co., Tokyo, Japan). Five microliters of the sample were
injected through a Reodyne Model 7125 injector. Liquid chromatography was
carried out with a methanol,-water as mobile phase at a flow rate of 0.5 or 0.3 ml min-1.
Detection was performed by monitoring the fluorescence intensity at 462 nm (excitation
at 298 nm). The column temperature was controlled in either a water/ethylene glycol
jacket equipped with a RTE-111 instrument, or an ethanol bath equipped with a Cryocool
CC100-11 instrument (Thermo Neslab Instruments Inc., Newington, NH). The retention
factor (k) was determined by (/e - to)/to, where /e and to are the retention time of the
samples and water, respectively.The separation factor ( ) was given by the ratio of the
retention factors. The resolution factor (Rs) was determined by 2(t2 -t\)l(W\ + W2),
where tl and flare the retention times of the samples- and W\ and Wl are the band- •• •
widths of the peaks. Theasymmetry factor (As) was calculated from the ratio of the
widths of the rear and front sides of the peak at 5% peak-height.
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Figure. 6.3. Chemical structures of /ra«s-2-(2,3-naphthalenedicarboximide)
cyclohexane-deriveddiasteremomers.
For HPLC analysis, nine pairs of diastereomers were synthesized from the corresponding
secondary alcohol, anteiso amine and anteiso acid with 2-(2,3-anthracenedicarboximide)
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cyclohexane carboxylic acid or 2- (2,3-anthracenedicarboximide)cyclohexanol, according
to a previously reported method.5,6 The chemical structures and their abbreviations are
given in Fig. 6.3.
6.2.2.1. Comparison ofdiastereomer separation ability between Sil-pLGN and ODS
To evaluate the diastereomer selectivity of Sil-pLGN, the (15,25)- and (\R,2R)-AC esters
of (tf)-secondary alcohols (S,S,R and R,R,R, 1-7) were applied as solutes in HPLC.
Since the R,R,R diastereomer is an enantiomer of the corresponding S,S,S one, they have
the same chromatographic characteristics in an achiral HPLC system. Therefore, the use
of an R,R,R diastereomer provided chromatographic data for the 5,5,5 one in the present
work. For a mixture of 5,5,^-1 and R,R,R-l with Sil- pLGN and ODS at 0°C. No
separation was observed in ODS.
On the contrary, separation was observed in Sil-pLGN with using methanol /water, 70/30
as mobile phase not only at 0°C but also at 30°C. The selectivities clearly increased upon
increasing the water component of the mobile phase, lowering the column temperature,
and thus a substantial separation was achieved at -40°C, On the other hand, ODS showed
no separation, even at -40°C.
6.2.2.2. Conclusion
In conclusion, we have demonstrated diastereomer separation with Sil-pLGN instead of
ODS. The use of Sil-pLGN enables us to separate the 2-(2,3-
anthracenedicarboximide) cyclohexane-derived diastereomers completely under the
conventional condition: for example, methanol / water (70/30)as a mobile phase and
30°C as a column temperature. This result would be derived from a highly ordered
structure of pLGN and carbonyl- interaction between pLGN and the diastereomers. The
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combinational use of 2-(2,3- anthracenedicarboximide) cyclohexane-derivatives and
pLGN should be powerful for enantiomer discrimination.
6.3. Summary
The synthesized double alkyl liphophilic L-glutamide derivative, LGN, can exhibit
exceptional anti-cancer activity thanks to its Nitrostyrene moiety and unique self-
assembling property. On the other hand the LGN can be polymerized after self-assembly
to stabilize the chiral superstructure and graft the resultant telomere on silica particles.
Our experience demonstrated that although polymerization and grafting process
theoretically destroy the self-assembled superstructure, still some precious properties like
chiral discrimination can be salvaged.
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